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I Build  A 
Sorting  Counter  ' 

4 Small  Motor 
Control  Made  Easy 


I 

Announcing  a complete  hardware  and  software  solution  from  NetBurner 

The  NetBurner  M0D5234 


PERFORMANCE  AND  MEMORY 

32-Bit  CPU  | Freescale  ColdFire  MCF5234  147  Mhz 
2MB  Flash  Memory  | 8MB  SDRAM 

DEVICE  CONNECTIVITY 

10/100  Ethernet  | 3 UARTs  | 16-channel  eTPU  | PC  ] SPI  | CAN 
47  Digital  I/O  | 16-bit  Data  Bus  | SD/MMC  Flash  Card  Support 


Customize  with  NetBurner's  Royalty-free  Software  Suite 


DEVELOPMENT  SOFTWARE 


NB  Eclipse  IDE  | Graphical  Debugger  | Deployment  Tools  [ Examples 


COMMUNICATION  SOFTWARE 


TCP/IP  Stack  | HTTP  Web  Server  | FTP  | E-Mail  | PPP  | Flash  File  System 


NetBurner  M0D5234  Ethernet  Core  Module  Features 


INDUSTRIAL  TEMPERATURE  RANGE 

I -40°C  to  +85°C 


n ft" 


All  hardware  and  software  is  included  with  the 

NetBurner  MOD5234  Development  Kit  for  only  $299! 

The  Development  Kit  features  NetBurner's  Eclipse*  an  enterprise  level  professional 
IDE  that  provides  editing, downloading  and  debugging  in  one  environment 

Order  the  MOD5234  Development  Kit:  Product  No.  NNDK-MOD5234-KIT 


etBurner 

Networking  in  One  Day!: 


Product  No.  | MOD5234-1 OQIR 
Information  and  Sales  | sales@netburner.com 
Web  | www.netburner.com 
Telephone  | 1-800-695-6828 


freescale 

Alliance  Member 


daddy's  cool  new  toy 

mikrome 


Our  mikromedia  boards  are  packed  with  fantastic  multimedia  modules,  such  as  TFT  with  Touch  Panel,  MP3  codec. 
Serial  Flash,  Accelerometer,  Battery  Charger,  microSD  card  slot  and  much  more.  Create  games,  MP3  and  movie 
players  or  home  automation  devices.  You  are  only  limited  with  your  imagination.  Easily  create  graphical  user 
interfaces  with  Visual  TFT  software,  and  write  user  code  in  programming  language  you  love  the  most:  mikroC, 
mikroBasic  or  mikro  Pascal.  Programming  is  easy.  Each  board  comes  preprogrammed  with  fast  bootloader. 

Boards  are  available  for  PIC18FJ,  dsPIC33,  PIC24,  PIC32  and  XMECA  microcontrollers. 


DEVELOPMENT TOOLS  I COMPILERS  I BOOKS 


www.visualtft.com 


www.mikroe.com 


Sight  & Sound  Kits  for  Electronic 


KIT  OF  THE  MONTH 


Hearing  Loop  Receiver  Kit 
KC-5497  $25.50  plus 

postage  & packing 

A hearing  foop  is  an  inductive 
assisted  listening  system  for 
the  hearing  impaired,  They're 
typically  installed  in  venues 
such  as  churches  and 
conference  rooms  to  enable 
listeners  to  receive  m-ear 
communication  via  a wireless 
induction  loop-  You  can  now 
install  this  technology  on  your 
own  TV,  home  theatre  or  hi-fi 
system.  This  will  enable 
someone  who's  hard  of  hearing 
to  hear  at  their  own  volume  level  without  having  to 
turn  the  volume  up  to  a level  too  high  for  everyone 
else.  The  receiver  will  drive  a pair  of  headphone  or 
earbuds  from  the  signal  picked  up  from  the  hearing 
loop.  The  whole  unit  is  completely  self-contained 
and  can  be  carried  around  in  a pocket  or  you  can 
add  your  own  belt  clip,  so  the  user  isn't 
constrained  by  a set  of  headphone  leads.  The  kit  is 
complete  with  case,  label,  PCB  and  components. 


Improve  Your 


Hearing 
Without  The 
EXPENSE! 


• Current  consumption:  10mA 

• Frequency  response: 

100Hz -5kHz  

• S/N  ratio:  67dB 

• Battery  voltage  indication:  Down  to  7V 

• PCB:  65  x 86mrrt 

Note;  Transmitter  not  included 


45  Second  Voice  Recorder  Module 


KC-5454  $31.75  plus  postage  & packing 

Will  record  two,  four  or  eight  different  messages 
for  random-access  playback  or  a single  message 
for  "tape  mode'  playback.  It  also  provides  cleaner 
and  glitch-free  line-level  audio  output  suitable  for 
feeding  an  amplifier  or  PA  system.  It  can  be 
powered  from  any  source  of  9 - 12VDC.  Supplied 
with  silk  screened  and  solder 
masked  PCB  and  all 
electronic 
components. 


Clifford  The  Cricket 


KC-5178  $12.50  plus  postage  & packing 

Clifford  hides  in  the  dark  and  chirps  annoyingly  until 
a light  is  turned  on  - just  like  a real  cricket.  Clifford  is 
created  on  a small  PCB,  measuring  just  40  x 35mm 
and  has  cute  little  LED  insect  eyes  that  flash  as  it 
sings  Just  like  a real  cricket,  it  waits  a few  seconds 
after  darkness  until  it  begins  chirping,  and  stops 
instantly  when  a light  comes  back  on. 


PCB,  piezo  buzzer,  LDR 
plus  all  electronic 
components  supplied 
PCB:  41  x 36mm 


SCI-FI  Kits 


KC-5172  S12.00  plus  postage  & packing 

Voice  operated  relays  are  used  for  'hands  free'  radio 
communications  and  some  PA  applications  etc. 
Instead  of  pushing  a button,  this  device  is  activated 
by  the  sound  of  a voice.  This  tiny 
kit  fits  in  the  tightest  spaces 
and  has  almost  no  turn-on 
delay.  1 2VDC  @ 35mA 
required.  Kit  is  supplied  with 
PCB  electret  mic,  and  all 
specified  components. 


PCB"  47  x 44mm 


Communicate 
Hands  Free! 


i 


Jacob's  Ladder  High  Voltage  Display  Kit  MK2 
KC-5445  331,00  plus  postage  & packing 

With  this  kit  and  the  purchase  of  a 12V  ignition  coil 
(available  from  auto  stores  and  parts  recyclers), 
create  an  awesome  rising  ladder  of  noisy  sparks  that 
emits  the  distinct  smell  of  ozone.  This  improved 
circuit  rs  suited  to  modern  high  power  ignition  coils 
and  will  deliver  a spectacular  visual  display. 

Kit  includes  PCB, 
pre-cut  wire/ladder  and  all 
electronic  components, 

* 1 2V  automotive  ignition 
coil  and  case  not  included 

* 1 2 V car  battery,  7Ah  SLA  or  >5Amp  DC  power 
supply  required  and  not  included 

* PCB;  170  x 76mm 

Warning:  The  Jacobs  Ladder  Kit  uses 
potentially  dangerous  voltage. 


Theremin  Synthesiser  Kit  Mkll 
KC-5475  $54.00  plus  postage  & packing 

The  ever-popular  Theremin  is  better  than  ever! 

From  piercing  shrieks  to  menacing  growls,  create 
your  own  eerie  science  fiction  sound  effects  by 
simply  moving  your  hand  near  the  antenna.  It's  now 
easier  to  build  with  PCB-mounted  switches  and 
pots  to  reduce  wiring  to  just  the  hand  plate, 
speaker  and  antenna  and  has  the  addition  of  a skew 
control  to  vary  the  audio 
tone  from  distorted 
to  clean. 


* Complete  kit  contains  PCB 
with  overlay,  pre-machined 
case  and  all  specified 
components 
PCB:  85  x 145mm 
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Don't  just  sit 
there  BUILD 
SOMETHING! 
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Audio  Kits 


Studio  350  - High  Power  Amplifier 
KC-5372  $126.00  plus  postage  & packing 

The  studio  350  power  amplifier  will  deliver  a whopping 
350WRMS  into  4 ohms  or  200WRMS  into  8 ohms.  It  offers 
real  grunt  using  a high  power  MJ21 193/4  transistor  and  is 
super  quiet  with  a very  low  signal  to  noise  ratio  and 
harmonic  distortion,  This  kit  is  supplied  in  short  form  with 
PCB  and  electronic  components.  Kit  requires  heatsink  and 
(+/-)  70V  power  supply  as  described  in  instructions.  See 
website  for  more  specifications.  Ul) 

• PCB:  136  x 241mm 


Post  & Packing  Charges 


KC-5469  $20.25  plus 
postage  & packing 

Enables  you  to  run  a stereo  amplifier  in  "Bridged 
Mode'  to  effectively  double  the  power  available  to 
drive  a single  speaker.  There  are  no  modifications 
required  on  the  amplifier  and  the  Signal  processing 
is  done  by  this  clever  kit.  Supplied  with  silk 
screened  PCB  and  components.  Requires  balanced 
{+/-)  1 5-60 V power  supply. 

* PCB:  103  x 85mm 

Balanced  to  Unbalanced  Audio  Converter 
KC-5468  $23.75  plus  postage  & packing 

This  kit  will  adapt  an  unbalanced  input  to 
balanced  output  and  vice  versa  and  allows 
domestic  equipment  to  be  integrated  into  a 
professional  installation  while  maintaining  the 
inherent  high  immunity  to  noise  pick-up  on 
long  cable  runs  provided  by  balanced 
lines.  Kit  supplied  with 
solder  masked  PCB 
and  all  specified 
components. 

* PCB:  85  x 103mm 


Starship  Enterprise  Door  Sound  Emulator 
KC-5423  S29.O0  plus  postage  & packing 

This  easy  to  build  kit  emulates  the  unique  sound  of 
a cabin  door  opening  or  dosing  on  the  Starship 
Enterprise.  The  sound  can  be 
triggered  by  switch  contacts  or 
even  fitted  to  automatic  doors, 

• Kit  supplied  with  PCB  with 
overlay,  speaker,  case  and 
all  specified  components 

• 9-12VDC  regulated 

• PCB:  84  x 148mm 


Flickering  Flame  Lighting 


Order  Value 
$25  - $49,99 
$50  - $99.99 
$100  - $199.99 
$200  - $499.99 
$500+ 


Cost 

$7,50 

$20 

$40 

$60 

$75 


Max  weight  121b  (5kg). 
Heavier  parcels  P0A, 
Minimum  order  $25. 


HOW  TO  ORDER 


WEB:  www.jaycar.com 

PHONE:  1*800-784-0263* 

FAX:  +61  2 8832  3118 * 

EMAIL:  techstore@jaycar.com 

POST:  P.0.  Box  107,  Rydalmere  NSW  2116  Australia 

• AIL  PRICING  IN  US  DOLLARS  * MINIMUM  ORDER  ONLY  $25 


Note:  Products  are  dispatched  from  Australia, 
so  local  customs  duly  & taxes  may  apply. 
Prices  valid  until  31/7/2011 


''  Australian  Eastern  Standard  Time 
(Monday  - Friday  09.00  to  17.30  GMT  + 10  hours) 
Note:  10*14  days  tor  air  parcel  delivery 


KC-5234  S12.50  plus  postage  St  packing 

This  lighting  effect  uses  a single 

20  watt  halogen  lamp  (the 

same  as  those  used  for  , 

domestic  down  lights)  to 

mimic  its'  namesake, 

Mounted  on  a compact  PCB,  it 
operates  from  12VDC  and  uses 
just  a handful  of  readily 
available  components.  Use  it 
for  stage  performances  or  for 
unique  lighting  effects  at  home. 

♦ Kit  includes  20W  halogen  lamp 

* PCB  plus  electronic  components 

♦ Includes  ceramic  base  for  halogen  lamp 

* PCB;  38  x 58mm 


Order  online:  www.jaijcar.cam 


Your  cno  ice 
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ELECTRONICS 


Integrated  Analog/Digital 
Circuit  Design  Statinn 


4-channel,  40MSa  Oscilloscope 
4-channel  voltmeter 
2 programmable  reference  voltages 
2-channel  Arbitrary  Waveform  Generator 
Triple-Output  Power  Supply  (two  programmable) 

32-Channe!  Logic  Analyzer 
32-Channel  Pattern  Generator 
Discrete  digital  I/O’s  (buttons,  switches,  LEDs,  etc) 

The  Digilent  Electronics  Explorer'”  board  (EE  board)  is  a complete,  all-in-one  circuit  design 
station  that  can  turn  any  PC  into  a powerful  test  and  measurement  system.  It  combines 
everything  needed  to  build  and  test  analog  and  digital  circuits  into  a single,  simplified 
product;  a large  solderless  breadboard,  three  programmable  power  supplies,  and  six  test  and 
measurement  devices,  all  accessed  using  simple  jumper  wires.  The  free  PC-based 
Waveforms™  software  drives  EE  Board's  high-speed  USB2  port  to  create  a powerful, 
high -bandwidth  test  and  measurement  system  that  responds  in  near  real-time. 


The  waveform  generators  support  standard  and  custom  waveforms  with  sweeps,  envelopes 
and  modulation.  The  scope  channels  offer  real-time  FFTs,  complex  math  functions,  complete 
cursor  and  measurement  features,  and  X-V  plots.  The  digital  pattern  generator  and  logic 
analyzer  offer  all  the  standard  features  and  include  cross-triggering  with  the  analog 
instruments.  The  power  supplies  include  full  current  and  voltage  control,  and  can  be  actively 
driven  from  the  waveform  generators  to  create  new  and  interesting  stimulus  not  possible  with 
conventional  equipment,  These  impressive  features,  together  with  real-time  Bode  plots, 
connection  to  a PC's  sound  system,  and  a host  of  other  features  create  a truly  remarkable 
piece  of  equipment. 


Now  you  can  quickly  and  easily  build  and  test  analog  circuits  right  on  the  desktop,  and 
change  forever  the  way  you  approach  analog  design. 


DIGILENT 


d cvr\ki  n ru  r adv 


$399 

(Academic) 


Complete  System! 

Includes  EE  Board  + Software 


(509)  334-6306  www.digilentinc.com 
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Columns 

10  TechKnowledgey  2011 

Events,  Advances,  end  News 
Read  about  an  atomic  clock  on  a chip, 
a tri-gate  transistor  that's  ready  to  go, 
new  mobile  workstations,  pius  some  other 
interesting  stuff. 


Acquisition  System 


Learn  more  about  121  Control's  new  line  of  products 
by  seeing  how  they're  used  to  monitor  things  like 
air  temperature,  soil  temperature,  wind  velocity, 
sunlight,  and  rainfall  in  a garden. 

■ By  John  Katausky,  !2(  Consultant 


38  How  I Scratch-Built  a Five  Foot 


14  The  Spin  Zone 

Adventures  in  Propeller  Programming 

Smatl  Motor  Control  Made  Easy. 

22  Q & A 

Reader  Questions  Answered  Here 
A leak  noise  correlator,  theremin  coils,  and 
a modified  beeper/LED  circuit  are  covered 
this  month. 

52  The  Design  Cycle 

Advanced  Techniques  for  Design  Engineers 
Flash  Fly  System  Gets  Stamp  of  Approval. 


Long  Radio-Controlled  Submarine 

In  this  final  installment,  learn  some  common  sense 
approaches  to  solving  electro-mechanical  problems 
as  we  wrap  up  the  final  details  of  this  unique  build. 

■ By  Michael  Wernecke 

44  Build  a Sorting  Counter 

This  simple  project  features  a tally  mode  and  a 
differential  mode  so  you  can  count  on  it  for  a 
variety  of  uses. 

■ By  Ron  Newton 


58  Smiley's  Workshop 

Programming  # Hardware  • Projects 
avrtoolbox  Ring  Buffer. 

69  Near  Space 

Approaching  the  Final  Frontier 
Programming  the  Nearspace  Ultralight 
Automatic  Packet  Reporting  System 
(APRS). 
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48  Programming  CHIPINO 
with  SimpieC 

A C programming  option  is  demonstrated  that's 
perfect  for  beginner's  using  the  CHIPINO. 

■ By  The  CHIPAXE  Team 


FUNdamentals  For  Beginners 

Just  getting  started  in  electronics?Try  these 
simple  demos  to  illustrate  electronics  principles  and 
how  components  function  in  actual  circuits! 

68  Build  an  Automatic  Night  Light 
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Take  your  design  f 
idea  to  reality, 


Engage  Your  Brain 


www.pololu.com 


DEVELOPING 

PERSPECTIVES 


Emergency  Preparedness 

Given  the  recent  events  in  Japan,  1 was  reminded  of  my 
youth  working  with  civil  defense  in  southern  Louisiana. 
In  addition  to  official  communications,  our  group  installed  a 
2M  repeater  system  for  local  amateur  operators.  There  was 
regular  training  on  the  use  of  Geiger  counters  and 
decontamination  procedures,  how  to  keep  the  diesel 
generators  operating,  as  well  as  basic  first  aid.  Fortunately, 
we  never  had  to  use  the  radiation  monitoring  equipment  or 
consume  any  of  the  Army  rations,  but  we  did  use  the 
communications  and  first  aid  training  on  numerous 
occasions.  It  seemed  that  every  other  summer  there  was  a 
major  hurricane  to  contend  with,  including  the  flooding  and 
manning  of  shelters. 

Today,  f keep  a backpack  with  emergency  supplies  in 
my  closet,  ready  to  go.  Interestingly,  a large  component  of 
the  backpack  by  both  weight  and  volume  is  devoted  to 
electronics.  For  example,  there  is  a pair  of  Motorola  walkie- 
talkies  that  work  independently  of  any  repeater  system  that 
might  be  down.  The  pair  provides  22  channels  with  privacy 
codes  in  the  theoretical  range  of  over  20  miles,  as  well  as 
reception  of  the  NOAA  weather  channels.  Of  course,  in  the 
city,  the  $40  pair  of  walkie-talkies  is  good  for  about  five 
miles,  but  that  should  be  more  than  enough  to  provide 
communications  between  me  and  my  significant  other. 

There's  a small  AM  and  FM  radio,  an  LED  headlamp  for 
hands-free  lighting,  and  an  inexpensive  analog  multimeter.  I 
considered  one  of  those  hand-crank  radios  with  a built-in 
light,  but  opted  for  a lightweight,  palm-sized  radio  with  20 
hour  playtime  on  a pair  of  AA  batteries.  Similarly,  I 
considered  tossing  in  one  of  those  heavy-duty  Maglites  with 


four  D cells,  but  my  experience  suggested  that  a hands-free 
headlamp  powered  by  a set  of  A A batteries  is  both  more 
useful  and  easier  to  carry.  I chose  an  analog  multimeter 
because  it  doesn't  require  a battery  for  AC/DC  voltage  and 
current  measurement,  A multimeter  can  be  invaluable  in 
determining  the  state  of  batteries  — whether  in  a radio  or 
your  car.  It  can  also  he  useful  in  checking  fuses  and  circuit 
breakers  in  your  house. 

Given  the  low  odds  of  a nuclear  event  in  my  area,  ! 
don't  keep  my  Geiger  counter  in  the  backpack.  However,  it 
is  easily  accessible  and  I keep  a fresh  set  of  batteries 
nearby.  In  case  you're  considering  picking  up  a Geiger 
counter,  take  a look  at  one  of  ihe  inexpensive  models 
available  on  eBay.  The  old  analog  type  with  a waterproof 
yellow  chassis  will  provide  just  as  much  information  as  one 
of  the  newer  all-digital  models.  Moreover,  the  older  units 
are  lighter  weight,  more  rugged,  and  easier  to  repair  given 
that  they're  built  with  discrete  components.  ! bought  a CD 
V - 700  Geiger  counter  on  eBay  a couple  years  ago  for 
about  $50.  I noticed  that  during  the  Japanese  event,  the 
same  model  was  going  for  about  $200.  Assuming  the 
reactors  in  Japan  are  contained  by  the  time  you  read  this, 
the  price  of  Geiger  counters  should  be  more  reasonable. 

In  addition  to  the  electronics,  my  pack  contains  basic 
medical  supplies  - bandages,  antibacterial  ointment, 
alcohol  pads,  aspirin,  tourniquet,  and  suture  kit.  There's  also 
a half-dozen  food  bars.  If  you  assemble  your  own 
backpack,  include  only  the  medical  supplies  that  you  know 
how  to  use.  For  example,  if  you  don't  know  how  to 
properly  use  a tourniquet,  you  can  do  more  harm  than 
good.  Check  your  local  Red  Cross  for  first-aid  training. 

Depending  on  your  lifestyle  and  the  most  likely  man- 
made and  natural  threats  in  your  area, 
you  might  find  it  better  to  keep  a box 
of  supplies  in  the  trunk  of  your  car 
instead  of  in  a backpack  in  your 
house.  Regardless  of  where  you  keep 
the  equipment,  it's  a good  idea  to 
mark  your  electronic  or  paper 
calendar  to  remind  yourself  to  check 
the  status  of  your  emergency 
equipment  on  a quarterly  basis.  This 
means  ensuring  that  batteries  are  in 
good  condition,  that  the  medical 
supplies  have  not  expired  or  become 
wet  or  otherwise  useless,  and  lhat  you 
know  where  the  equipment  is.  It's 
also  a good  idea  to  occasionally  take 
out  the  walkie-talkies  and  practice 
using  them  to  get  an  idea  of  range 
and  how  to  operate  the  controls.  It's 
much  easier  to  review  operating 
manuals  and  emergency  procedures 
at  your  leisure  than  when  you're  in 
the  midst  of  a storm  or  other  disaster. 

I also  replace  the  food  bars  with 
new  ones  every  quarter.  Military 
rations  might  be  good  for  five  or  10 
years,  but  a food  bar  that's  been  in 
the  trunk  of  a car  for  a year  can  be 
hard  on  your  teeth.  NV 
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UNITS  GREEK 
TO  READER 

] just  read  about  the  bat  detector 
in  the  June  '1 1 issue  and  am  confused 
by  some  of  the  component  units.  Is  a 
resistance  of  ,r470R"  470  ohms?  What 
about  a capacitance  in  units  of  "n?" 
Are  these  British  abbreviations? 

The  circuit  also  calls  for 


headphones  rated  at  approx.  "300R." 
I'm  not  sure  what  I should  be  looking 
for.  The  headphones  I'm  familiar  with 
are  all  in  the  8 ohm  to  32  ohm  range, 

Randy  Sprague 

Response; 

The  Creek  fetter  omega  is 
generally  used  as  the  symbol  for  ohms. 

Continued  on  page  51 


The  Death  Star  was  an  ARDX  kit 
that  went  one  step  too  far.  ^ 


Th e features  12  experiments  that  are  step-by-step  simple, 
full-colour  template  overlays  for  your  breadboard,  and  every  single  component  you'll  need 


PS-  So  does  that  mean  that  the  second  Death  Star  was  using  a planetary  shield  shield? 


Experimenter's  Kit  for  Arduino 


www.solarboti.es . com 


XI 


The  most  popular  s 
motor  controllers..,  lu 


Specifications: 

- 1(1  SV  Switching  BEC 

- 6-24U  Input  Voltage 

- 2k12A  Continuous 

- 2 H 25  A Peak 

Features: 

- Synchronous  Regeneration 

- Ultra  Fast  Switching 
Frequency  (no  whine!! 

- Thetmat.  Ouercurrent.and 

Lithium  Protection 

- Serial.  R/c,  and  analog  inputs 


Sabertooth  2x12 
$79.99 


$64.99 


(330)  634-1 

www.dimensionengineeriB 

Motor  Controllers  - DC  to  DC  - Sensors  - R/C  Relays  ■ R/C  Lighting 
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■ BY  JEFF  ECKERT 

ADVANCED  TECHNOLOGY 

TRI-GATE  TRANSISTOR  READY  TO  GO 

t seems  like  most  innovative,  amazing,  earth-shaking 
technologies  never  actually  make  it  out  of  the  research  labs, 
so  it's  gratifying  to  report  that  Intel’s  (www.intel.com)  tri-gate 
transistor  technology  — first  disclosed  back  in  2002  — is  ready 

for  ramped-up  production.  Some  63  years  after  the  invention  of  the  silicon  transistor,  a fundamentally  different  design 
will  be  implemented  within  a 22  nm  microprocessor  codenamed  "Ivy  Bridge." 

"Intel’s  scientists  and  engineers  have  once  again  reinvented  the  transistor,  this  time  utilizing  the  third  dimension,11 
said  Intel  president  and  CEO  Paul  Otellini.  "Amazing,  world-shaping  devices  will  be  created  from  this  capability  as  we 
advance  Moore's  Law  into  new  realms." 

Even  the  above-referenced  Gordon  E.  Moore  agrees.  "For  years,  we  have  seen  limits  to  how  small  transistors  can 
get,"  he  observed.  "This  change  in  the  basic  structure  is  a truly  revolutionary  approach,  and  one  that  should  allow 
Moore's  Law  and  the  historic  pace  of  innovation  to  continue." 

The  concept  is  revealed  in  the  illustration.  On  the  left  is  a 32  nm  planar  transistor  in  which  current  (shown  as  the  yellow 
dots)  flows  in  a plane  beneath  the  gate.  On  the  right,  we  see  the  current  flowing  on  three  sides  of  a vertical  fin.  Control  of  the 
current  is  accomplished  by  using  a gate  on  each  of  the  three  sides  of  the  fin  rather  than  just  one  on  top.  This  layout  is  said 
to  produce  improved  drive  current  and  reduced  off-state  leakage,  resulting  in  up  to  37  percent  higher  performance  at  a lower 
voltage  as  compared  to  the  planar  devices.  Jt  also  allows  for  a further  reduction  in  the  size  of  transistors.  In  fact,  more  than 
100  million  tri-gate  transistors  could  fit  on  the  head  of  a (1.5  mm  dia)  pin.  High-volume  production  of  the  Ivy  Bridge-based 
Core  processors  should  begin  before  the  end  of  this  year,  with  Atom  processor  products  coming  along  later.  If  you  want  to 
download  a technical  paper  with  all  the  photos,  graphs,  and  gory  details,  visit  jkeckert.com/freedownloads/tri-gate.pdf.  ▲ 


nsistor  (left)  compared 
te  technology. 


LOVE  THAT  DIRTY  WATER 

The  Standells  (www.facebook.com/Standells)  probably  weren't  thinking 
about  power  generation  when  they  expressed  fondness  for  the  contents  of  the 
Charles  River,  but  perhaps  they  will  take  note  of  a process  developed  at  Stanford 
University  (www.stanford.edu)  that  could  allow  us  to  generate  power  from  river 
water,  storm  runoff,  or  even  treated  sewage.  The  basic  idea  is  to  use  the  difference 
in  salinity  between  fresh  water  and  salt  water  to  produce  electricity,  which  is  pretty 
simple  in  theory.  You  start  with  a battery  consisting  of  one  positive  and  one  negative 
electrode,  both  immersed  in  a liquid  containing  positive  and  negative  ions.  (The 
enabling  secret  is  that  manganese  dioxide  nanorods  are  used  to  create  the 
positive  electrode,  eliminating  the  need  for  fragile  membranes.)  In  step  one,  you 
fill  it  with  fresh  water  and  charge  it  with  a small  current.  You  then  drain  off  the 
fresh  water  and  replace  it  with  salt  water  which  contains  up  to  100  times  as  many 
ions.  This  increases  the  potential  between  the  electrodes,  making  it  possible  to 
harvest  more  energy  than  you  used  for  the  initial  charge.  Once  the  battery  is  discharged,  you  drain  off  the  salt  water  and 
start  over.  A nice  consideration  is  that  a power  generation  plant  using  this  technique  would  be  essentially  non  polluting.  One 
would  siphon  off  river  water  that’s  headed  for  the  sea  anyway,  and  send  it  to  its  original  destination  when  done  with  it, 

A "limiting  factor"  is  the  amount  of  fresh  water  available,  and  you  would  need  a lot  of  it.  According  to  Yi  Cui,  Associate 
Professor  of  Materials  Science  and  Engineering,  a power  plant  processing  50  cubic  meters  of  fresh  water  per  second  could  produce 
up  to  1 00  megawatts  of  power  — enough  electricity  for  about  1 00,000  households.  He  noted  that  the  fresh  water  doesn’t  have  to 
be  all  that  fresh.  "I  think  we  need  to  study  using  sewage  water,1’  he  said.  "If  we  can  use  sewage  water,  this  will  sell  really  well." 

But  is  all  of  this  practical?  Well,  50  cubic  meters  per  second  equals  about  1,140,480,000  gallons  per  day.  That’s 
nearly  four  times  the  entire  flow  of  the  Charles  River.  Oh,  well.  The  Standells  aren't  really  from  Boston,  anyway.  ▲ 


Step  3 


■ Energy-producing  cycle  of  the 
battery  developed  at  Stanford. 
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TECHKNOWLEDGEY  2011 


COMPUTERS  AND  NETWORKING 

NEW  MOBILE  WORKSTATIONS 

“The  average  laptop  is  pretty  decent  for  word  processing,  net  surfing, 

I and  so  forth,  but  it  you  need  professional-level  2D  or  3D  computing, 
need  to  do  massive  amounts  of  data  analysis,  and  need  to  do  it  on  the  go, 
a little  more  horsepower  is  in  order.  The  answer  is  a mobile  workstation, 
and  Dell  has  launched  two  next-generation  models.  The  Dell  Precision 
M6600  comes  with  a I 7.3  inch  screen,  and  the  M4600  is  the  15.6  inch 
version.  Both  are  certified  for  the  top  applications  from  Autodesk, 

Dassault,  PTC  Siemens  PLM  Software,  and  others.  Billed  as  the  most 
powerful  machines  of  their  type,  they  are  based  on  a second-generation 
Intel  Core  i7  processor  Extreme  edition  and  1,600  MHz  system  memory 
options.  The  M4600  now  sports  a numeric  keypad,  32  GB  memory 
capacity,  and  a HDD  that  stores  up  to  750  C 8.  The  M6600  is  designed 
for  more  demanding  tasks,  and  it  offers  optional  storage  including  a second  HDD  and  a 128  GB  SSD.  It  also  will  soon 
be  available  with  NVISIA  Quadro  501  CM  graphics  with  4 GB  of  GFX  memory.  Both  use  an  aluminum  and  magnesium 
chassis  and  are  tested  to  MIL-STD-810G  for  temperature,  vibration,  dust,  altitude,  and  shock.  You  also  get  five  USB 
ports  (including  two  USB  3.0)  and  three  video  options.  The  AMD  Eyefinity  technology  supports  up  to  five  simultaneous 
displays.  The  units  start  at  $1,678  and  $2,1  58.  Details,  of  course,  are  available  at  www.dell.com.  ▲ 


■ Dell's  M6600  mobile  workstation,  fitted 

with  a 17.3  inch  screen. 


DATABASE  FOR  YOUR  iPHONE  AND  iPAD 

FileMaker  Pro  — the  cross-platform  relational  database  program  — has  been  around  for  years  and,  in  fact,  is  now  in 
Version  11,  But  a new  twist  is  FileMaker  Go  for  the  iPhone  and  iPad,  and  the  latest  version  (1.2)  offers  the  ability  to 
view  and  edit  charts  created  with  the  Pro  version,  including  bar,  line,  area,  and  pie  charts.  It  also  offers  digital  signatures, 
so  you  can  digitally  sign  such  documents  as  contracts  and  invoices  without  printing  hard  copies  first.  The  documents  can 
then  be  exported  to  a desktop  or  uploaded  to  databases  on  FileMaker  Server.  Other  features  include  enhanced  PDF 
creation  and  wireless  printing  via  AirPrint-enabled  printers.  The  iPhone  version  will  run  you  $19.99,  and  the  iPad  one  is 
priced  at  $39.99,  but  current  users  can  get  the  upgrade  for  free.  Both  run  on  iOS  4.2.1  or  later.  ▲ 


ISTHAT  A SPY  IN  YOUR  POCKET? 

If  you  have  been  troubled  by  recent  revelations  that  your  cell 
phone  can  be  used  to  reveal  details  of  your  persona!  life,  this 
item  will  probably  boost  your  concern  level.  It  turns  out  that  there 
is  actually  a commercially  available  device  specifically  designed 
for  sucking  data  out  of  your  handheld.  In  fact,  Cellebnte  Ltd. 
(www.cellebrhe.com)  has  just  released  Version  2.0  of  its  Universal 
Forensic  Extraction  Device  (UFED),  designed  to  provide  "law 
enforcement  and  government  intelligence  agencies  with  new 
capabilities  for  improved  extraction,  retrieval,  and  analysis  of 
mobile  phone  data.”  Three  new  features  are  included  in  the  latest 
release.  The  UFED  Physical  Analyzer  is  a parsing  tool  and  report 
generator  that  offers  upgraded  ability  to  analyze  and  parse  iPhone 
and  Blackberry  devices.  It  includes  an  instant  search  function, 
plug-in  support,  and  Python  scripting.  The  support  base  has  been  enhanced  to  include  nearly  6,000  devices,  including 
Samsung,  LG,  and  Sony  Ericsson  products,  and  "historically  challenging”  CDMA  memory  dump  capability  has  been 
expanded  by  200  devices.  Finally,  V.  2 includes  the  UFED  Phone  Detective  which  lets  users  instantly  identify  the 
specific  model  phone  you  are  using. 

The  bottom  line  is  that  the  product  "enables  military,  law  enforcement,  and  intelligence  agencies  to  easily  extract 
deleted  data,  passwords,  contacts,  text  messages,  call  logs,  emails,  GPS  locations,  web  history,  calendar  entries,  and 
much  more.  New  parsing  capabilities  such  as  iPhone  Skype  support,  browser  cookies,  Wi-Fi  and  cell  tower  locations, 
and  more  make  it  the  most  advanced  end-to-end  solution  available  to  the  mobile  forensic  community."  At  $4,799  a 
pop,  it's  not  exactly  cheap,  but  probably  well  within  the  budget  of  your  local  constabulary.  If  I ever  used  my  phone, 

I think  I'd  be  worried.  ▲ 
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CIRCUITS  AND  DEVICES 


ATOMIC  CLOCK  ON  A CHIP  INTRODUCED 

The  folks  at  Symmetricom,  Inc,  recently  Introduced  the 

QUANTUM  family  of  atomic  oscillators,  billed  as  the  industry's 
first  commercially  available  chip-scale  atomic  clock  (CSAC).  The 
device  — created  by  researchers  at  Symmetricom,  Draper  Lab,  and 
Sandia  National  Labs  — measures  only  about  1 .5  in  square  and  less 
than  0.5  in  deep,  weighs  just  35  g,  and  runs  on! 00  mW  rather  than 
the  I0W  typical  of  its  predecessors.  Lest  you  be  misled,  please 
note  that  the  CSAC  does  not  actually  use  radioactivity  as  an  energy 
source,  so  you  don’t  have  to  worry  about  radiation  poisoning.  The 

unit  hits  some  cesium  atoms  with  a tiny  laser  beam  and  counts  the  frequency  of  emitted  electromagnetic  waves  to 
keep  track  of  time.  When  the  clock  has  counted  exactly  4,596,315,885  cycles,  it  determines  that  one  second  has 
passed.  Obviously,  you  don't  need  this  kind  of  accuracy  in  your  digital  watch  — even  if  it's  a RoJex.  But  the  $1,500  chip 
is  said  to  be  useful  for  synchronizing  underground  or  undersea  activities  where  miners  or  divers  can't  receive  GPS 
signals,  providing  backup  timing  for  cross-country  telephone  and  data  lines,  and  supporting  other  military  and 
commercial  applications.  Technical  details  are  available  at  www.symmetricom.com.  A 


The  Symmetricom  CSAC,  the  world's  first 

atomic  clock  on  a chip. 


NO  MORE  FREE  TOWELS 

If  you  are  in  the  habit  of  keeping  your  linen  closet  full  by  snagging  an  occasional  towel  from  a hotel  room,  it's  probably  a 
good  time  to  lose  the  habit.  A Florida  company  called  Linen  Technology  Tracking,  LLC  (www.linentracker.com)  has 
partnered  up  with  RFID  company  Fluensee,  Inc.  (www.fluensee.com),  and  is  now  marketing  its  Linentracker®  product 
line  to  upscale  hotels.  Based  on  Ffuensee's  Asset Track  platform,  it  aims  to  "optimize  the  utilization,  inventorying,  tracking, 
laundering,  and  replenishment  of  towels,  linens,  hampers,  and  related  assets  to  its  many  hotel  customers."  One  might 
think  that  linen  Joss  is  not  such  a serious  problem,  but  a Linen  Tech  representative  — noting  that  the  system  is  in 
operation  in  three  major  hotels  in  Manhattan,  Miami,  and  Honolulu  — claimed  that  the  latter  has  reduced  the  theft  of 
pool  towels  from  4,000  per  month  to  only  750,  thus  saving  more  than  $16,000.  This  won’t  have  much  effect  on  those  of 
us  who  stay  at  the  Motel  6 where  the  towels  aren't  worth  stealing,  anyway.  But  you  high  rollers  need  to  be  careful.  A 


INDUSTRY  AND  THE  PROFESSION 


■ Superconductivity  discoverer  Heike 
Onnes  (left),  along  with  his  teacher, 
Johannes  van  derWaals,  with  some 
liquefaction  equipment  in  1908. 


SUPERCONDUCTIVITY  TURNS  100 

In  1 908,  Dutch  physicist  Heike  Kamerlingh  Onnes  became  the  first  to  achieve 
the  liquefaction  of  helium,  thus  making  it  possible  to  study  the  properties  of 
matter  at  extremely  low  temperatures.  Three  years  later,  he  discovered 
superconductivity,  and  to  this  day  it  remains  one  of  the  most  mysterious 
phenomena  in  physics.  In  1913,  Onnes  received  the  Nobel  Prize  for  Physics  in 
recognition  of  his  achievements. 

However,  2011  is  not  only  the  100th  anniversary  of  superconductivity,  it  is 
also  the  25th  anniversary  of  "high  temperature"  superconductivity.  For  75  years, 
scientists  dreamed  of  finding  a material  that 
could  remain  superconductive  above  absolute 
zero  (-273. 15°C).  Progress  was  very  slow, 
but  in  1983,  IBM  scientists  J.  Georg 
Bednorz  and  K.  Alex  Muller  achieved 
superconductivity  in  an  oxide  material  at 
the  relatively  balmy  temperature  oQ238QC, 
earning  them  the  same  Nobel  Prize  in  1 987. 

So  come  on,  folks,  somebody  get  that 
room-temperature  superconductivity  thing 
going.  Fame  and  fortune  await  WV 


■ Bednordz  and  Muller. 
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This  is  just  s sampling  of  the 
thousands  products  we  orffed 
Visit  wwwsaelig  com  for  more 
great  unique  electronics! 


7-in-1  Scope 

2-ch  10-bit  2MHz  scope  & 
spectrum  analyzer  & wfm 
gen.  CGR-101  Si  99 


SQMHz  Scope 

SOM  Hz  2-ch  2GS/s  scope 
W 2000  wfm/s  refresh  rate. 

DS1052E  $399 


USBscopeCO 

Thumb-drive-size  PC  based 
SOM  S d/s  scope  - connects 
Via  USB  port  $199.95 


.NET  Boards 

Tiny  open  source  boards  w/ 
Microsoft's  NET  FEZ  Mini 
& FEZ  Domino  $39+ 


Camera  Board 

Compact  com  pressed -sena  I 
output  module  for  any  host 
system  uCAM  $58 


Custom  Meter 

High  contrast  2.4"  TFT  color 
LCD  w/  built-in  touch  screen 

SGD  24-M  $90.25 


Windows  Touchpanet 

Touch-input  10  2"  LCD  12V 
powered  Windows  PC  4GB 

CUPC-P80/90/1  GO  S849+ 


I/O  Controllers 


Simple-to-use  universal  I/O 
controllers  for  USB  interface 
No  drivers  req  d $10.35+ 


888-772-3544  www.saelig.com 


Mixed  Sig.  Scope 

100 MHz  scope,  spectrum 
and  logic  analyzer  4MSa 
Storage  CS328A  $1 359 


SPI  Storm 

Dual-  & Quad-  Serial  Protocol 
Host  Adapter  con  [rolled  from 
PC  through  USB.  $999 


2-ch  25MHz  ooior  LCD  - FFT, 
autoscale,  &.  trigger  delay 
Junctions.  PDS5022S  $287 


PLED  Displays 

Compact  smart  OLEDs  w / 
graphics  for  stand-alone 
functionality  $36.90+ 

info@saelig.com 


I^simmse* 

Innovative  Holding  Solutions 


7540  Colbert  Drive 
Reno,  Nevada  89511 

1 (800)  759-7535 
www.PanaVise.com 


frDIY  NEVER 

HAD  A BETTER 
FRIEND... 


PanaVise*  features  a wide  variety 
of  high-quality  & versatile  vises 
& accessories.  Ail  designed  around 
our  patented  "split  ball”  design, 
which  allows  for  positioning  your 
work  on  three  planes. 

Tilt,  Turn  & Rotate  your 
work  all  from  a single  knob. 


Sig* 


* Quality  Quick  Turn 
Sheet  Metai  Products 
& 

Precision  Machined  Parts 


* No  Minimum  Quantity 
Restrictions 


* Quote  in  24  Hours 
or  Less! 


* Several  Metallic  & 
Non-Metallic 
Materials  in  Stock 


Visit  www.iitmetalfab.com 
today  for  your  free , no 
obligation  quote! 


Metal  Fabrication:  www.iitmetalfab.com 


SMT  Stencils:  www.integraledrdeas.com 


ITAR  Compliant 


AS  9 i00  Certified 


iSO  90QJ.  200R 


! 

Sheet  Me  t a I 
Fa  brie  a t ion 


Defense 


Precision  Par  t s 
Manufacturing 


Precision 
laser  Cuf 

Stencils 


Aerospace 


Medical 


Avufton 


Communications 


Maritime 


Electronics 


s&'T-  ..  , 

inn : rj 


Integrated  Ideas  & echnologies,  inc. 
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■ BY  JON  WILLIAMS 


SMALL  MOTOR  CONTROL 
MADE  EASY 


It's  stating  the  obvious  that  the  growth  of  personal  robotics  has  absolutely 
exploded  in  the  past  10  years.  And  why  not?  Robots  are  fun  and  a fantastic 
way  to  introduce  technologies  like  electronics,  programming,  mechanics,  etc., 
to  youngsters.  The  coolest  robots  are  no  longer  in  cartoons  or  movies.  They're 
in  our  high  schools  and  universities.  With  processors  like  the  Propeller, 
sophisticated  robotic  programming  is  becoming  available  to  everyone. 

Luckily  {for  all  of  us  who  have  not  darkened  the  hallways  of  a school  in  a 
while),  we  have  publications  like  Nuts  & Volts  and  SERVO  Magazine  to  feed 
our  hunger  for  knowledge  of  robotics-related  technologies. 


For  my  part,  the  branch  of  robotics  that  interests  me 
most  is  generally  called  animatronics:  moving  props 
and  characters  (e.g.,  puppets),  usually  as  part  of  a show. 
Still,  it  is  robotics  and  the  control  aspects  are  the  same. 
Those  of  us  that  build  small  robots  and  animatronics  will 
often  use  DC  motors  — which  could  be  gear  motors  or 
hobby  servos  (which  is  a specialized  gear  motor).  In  this 
article,  I'm  going  to  show  you  how  to  take  advantage  of 
the  Propeller's  architecture  to  create  a virtual  DC  motor 
driver  that  provides  speed  and  direction  control  through 
your  favorite  H-bridge.  The  best  part  is  that  the  code  is 
very  simple;  no  Assembly  required! 


DC  MOTOR  CONTROL  BASICS 


Most  of  us  have  connected  a battery  to  a small  DC 
motor  like  the  one  shown  in  Figure  1,  which  1 "liberated" 
from  a discarded  toy.  When  we  reverse  the  leads  to  the 
battery,  the  motor  runs  in  the  opposite  direction.  Using  a 
battery  and  a direct  connection  though,  we  have  no  speed 
control;  the  motor  runs  as  fast  as  it  will  given  the  battery 
voltage. 

Enter  PWM  (pulse  width  modulation).  By  modulating 
the  connection  of  power  to  the  motor,  we  can  affect  its 
speed;  the  greater  the  "on"  time  within  the  PWM  period, 
the  faster  the  motor  runs.  Have  a look  at  Figure  2.  In 
this  case,  the  on  time  (T1)  of  the  signal  is  30%  of  the 
overall  period  (Tl  + T2),  so  the  motor  will  run  at  30%  of 
its  maximum  speed.  Now  ...  that  is  if  the  other  side  of 
the  motor  is  connected  to  ground. 

What  if  the  other  side  of  the  motor  is  connected  to 
the  supply  voltage?  Of  course,  the  motor  will  run  at 
70%  of  its  full  speed  but  in  the  other  direction.  This 
means  that  we're  going  to  use  two  control  outputs  for 
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the  motor:  one  to  apply  the  PWM  (speed)  signal;  the 
other  to  control  the  motor  direction.  It's  a small  matter 
of  programming  (SMOP,  as  my  friend,  John,  likes  to  say) 
to  have  the  controller  set  the  PWM  duty  cycle  and  the 
direction  control  pin  to  respond  to  our  desires. 

The  Propeller  processors  (cogs)  are  not  very  fancy 
and  — unlike  many  other  small  micros  — do  not  include 
predefined  peripherals  like  UARTs,  ADCs,  DACs,  etc. 

What  each  cog  does  include,  however,  is  two  multi’ 
mode  counters  that  — with  a bit  of  code  — can  be 
configured  to  do  things  like  create  an  ADC  or  DAC  and, 
in  fact,  they  make  DC  motor  control  a breeze. 

The  counter  mode  well  use  is  called  PWM/NCO. 

It's  important  to  note  that  in  this  mode,  when  using  the 
counter  in  a set-and-forget  configuration  (Le.,  without 
additional  support  code),  we  can  control  the  duty  cycle 
but  not  the  frequency  of  the  output  (which  will  vary 
with  duty  cycle).  What  we  want  to  do  is  create  a fixed- 
frequency  PWM  output,  and  that  is  easily  accomplished 
using  waitent  in  a synchronized  loop. 

Each  counter  has  two  control  registers:  FRQx  and 
PHSx.  When  set  for  PWM/NCO  mode,  the  value  of  the 
FRQx  register  is  added  into  the  PFISx  register  and  then  bit 
31  (MSB)  of  PHSx  is  moved  to  the  specified  out  pul  pin  (in 
single-ended  mode;  there  is  also  a differential  mode  that 
outputs  the  compliment  of  bit  31  to  a second  pin). 

Let's  have  a look  at  a generalized  version  of  the  PWM 
code  and  then  I'll  explain  how  it  works: 

pri  pwmlx(pin)  I sync 


etra  :=  (%QQ100  « 26)  ! pin 

f rqa  : = 1 
diratpin]  :=  1 

sync  : = ent 
repeat 

phsa  i = -duty 

waitent ( sync  +-  PWM_PERIOD) 

First  things  first:  While  this  looks  like  a standard 
method,  it's  not.  This  method  is  designed  to  run  in  its  own 
cog,  making  it  independent  of  yet  concurrent  with  our 
main  program  cog.  Note  the  repeat  loop  at  the  end;  if  we 
called  this  like  a standard  method,  the  program  would  get 
trapped  in  that  loop.  By  starting  this  method  it  its  own  cog 
(using  cognew),  it  will  do  its  thing  vis-a-vis  PWM  output 
while  our  main  program  controls  the  duty  cycle  with  a 
global  variable  (duty),  to  which  all  Spin  cogs  have  access. 

This  example  method  is  using  just  one  of  the 
counters;  for  a dual  PWM  setup  (which  is  great  for  robots 
like  the  Parallax  Stingray  in  Figure  3),  we  can  use  the 
second  counter  in  the  same  loop  (well  see  this  later).  The 
counter  is  set  to  PWM/NCO  mode  and  assigned  the 
desired  pin.  The  FRQx  register  is  set  to  one  to  give  us 
precise  control  of  the  duty  cycle  relative  to  the  period. 
Finally,  we  need  to  make  the  PWM  control  pin  an  output 
to  drive  something. 


con 

PWM_FREQ  = 20„000 

PWM_PERIOD  = 80_000_000  / PWM_FREQ 

This  assumes,  of  course,  that  the  Propeller  is  running 
at  the  (standard)  setting  of  80  MHz.  In  actual  practice,  I 
have  a self-adjusting  (at  compile  time)  constant  that 
accounts  for  the  crystal  input  speed  and  the  PLL  setting. 
This  allows  me  to  redefine  the  speed  at  which  the 
Propeller  runs  without  having  to  update  the 
PWM_PERIQD  definition. 

Now  that  we  know  how  many  clock  ticks  are  in  the 
period  that  describes  the  PWM  frequency,  it's  a simple 
matter  to  create  a synchronized  loop.  So,  how  do  we 
create  the  output  pulse?  This  Is  pretty  neat:  We  apply  the 
negative  value  (in  dock  ticks)  of  the  desired  "on11  time  to 
the  PHSx  register.  That's  it!  Then,  we  wait  for  the  period  to 
end  and  reload  it. 

Here's  why  this  trick  works:  Remember  that  1 told  you 
that  bit  31  of  the  PHSx  register  is  applied  to  the  output 
pin?  When  we  load  a negative  value  into  that  register,  bit 
31  will  be  set  and  the  output  will  be  on.  During  every 
clock  cycle,  the  FRQx  register  — which  we’ve  set  to  one  — 
will  be  added  to  PHSx.  By  adding  one  to  the  negative 
value  in  the  PHSx  register,  it  will  move  toward  zero  every 
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It's  important  to  remember  that  all  cogs  have  their 
own  direction  registers  and  as  this  code  will  be  running  in 
its  own  cog,  we  have  to  set  the  PWM  pin  to  output  mode 
here.  If  we  did  this  in  the  main  program  cog,  the  PWM 
signal  from  the  counter  in  this  cog  would  not  make  it  to 
the  pin. 

Now  for  the  working  code:  In  order  to  create  a 
specific  PWM  period,  we  will  construct  a synchronized 
repeat  loop;  the  timing  of  this  loop  is  controlled  with 
waitent  You  can  see  that  the  timing  is  set  with  a constant 
called  PWM_PERlOD.  1 tend  to  use  20  kHz  as  my  PWM 
frequency  so  the  constant  definition  could  look  like  this: 


m FIGURE  3 


clock  cycle.  When  the  PHSx  register  gets  to  zero,  bit  31  is 
cleared  and  the  output  will  go  low.  How  cool  is  that? 

In  practical  use,  we'll  want  a support  method  that 
converts  our  speed  range  — say  -100  (full  reverse)  to  +100 
(full  forward)  — to  the  value  required  by  the  PHSx 
registers.  This  method  will  also  handle  the  inversion  of  the 
value  and  direction  control  output  when  we  want  to 
reverse  the  motor.  Again,  here's  a generalized  view 
assuming  control  of  only  one  motor; 

pub  se  t mo t or  t speed ) 

speed  -100  #>  speed  <#  100 

ease  speed 
-100  to  -1: 

duty  :=  PWM_PERI0D  * (100  + speed)  / 100 
put a [M_DIR]  :=  1 

0: 

duty  : = 0 

out a [M_DIR]  :=  0 

1 to  100: 

duty  :=  PWM_PERIOD  * speed  / 100 
outaEMLjDIK]  :=  0 

This  is  a method  that  runs  in  the  main  program  cog.  It 
ultimately  updates  a global  variable  called  duty  which  is 
also  visible  to  the  PWM  cog.  This  is  the  real  fun  of 
launching  another  Spin  cog;  We  can  easily  exchange 
values  via  global  variables. 

At  the  top  of  this  code,  the  speed  input  is  limited  to 


1 BILL  OF  MATERIALS 

Item 

SuDDlier/Part  No. 

L293D 

Mouser  511-L293D 

Digi-Key  497-2 936- 5-ND 

Jameco  1341966 

the  legal 
range  of 
-1 00%  to 

+ 100%.  If  you  want  more  steps  in  the  overall  range,  you 
can  change  100  (steps)  to  whatever  suits  you.  In  one 
project,  I used  -500  to  +500  to  give  very  precise  control. 
That  said,  for  most  projects  I do,  in  fact,  use  100  as  this 
directly  corresponds  to  percent. 

A case  structure  takes  care  of  updating  the  duty 
variable  with  the  new  speed  setting.  As  you  can  see,  zero 
(stopped)  is  easy;  we  set  the  duty  to  zero  and  reset  the 
direction  control  pin  to  low'.  Forward  is  also  easy;  we're 
setting  the  value  of  duty  to  the  percentage  of  overall 
period  clock  ticks. 

When  reverse  is  designed,  we  have  to  invert  the 
speed  value.  This  is  accomplished  by  subtracting  the  new 
speed  setting  from  the  full  speed  value.  For  this  to  work, 
though,  we  must  also  set  the  direction  control  output  to 
match. 

Booyah!  Bob’s  your  uncle!  With  that  incredibly 
simple  code,  we  now  have  the  ability  to  provide  speed 
and  direction  control  to  a DC  motor.  And,  in  case  you 
were  wondering  if  we  could  really  control  the  PWM 
period  using  high  level  code.  Figure  4 should  put  you 
at  ease.  As  you  can  see,  the  PWM  output  signal  from 
the  Propeller  is  dead  on  at  20  kHz.  We’re  able  to  do  this 
with  simple  code  by  using  the  counters  and  a 
synchronized  loop. 

Let  me  be  completely  fair,  though.  Using  Spin  (at  80 
MHz)  and  providing  the  flexibility  to  use  either  or  both 
counters  in  the  PWM  loop,  the  PWM  frequency  is  limited 
to  about  22  kHz  — which  should  be  fine  for  most  motor 
control  needs.  On  a recent  project  where  both  motors 
were  always  used  and  the  code  was  fixed,  I found  the 
maximum  PWM  frequency  was  about  30  kHz.  To  get  a 
higher  PWM  frequency,  we  would  have  to  port  the  code 
toPASM. 

Of  course,  there  is  a final  step  before  running  a 
motor:  We  need  to  connect  an  H-b ridge  to  buffer  the 
signals  to  the  motor.  There  are  lots  of  really  great  H-bridge 
designs  available,  and  the  specific  design  will  depend  on 
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the  voltage  and  current  requirements  of  the  motor  you 
want  to  drive. 

For  very  small  motors,  we  can  use  a simple 
single-chip  solution  like  the  1293  or  L293D  (the  former 
has  slightly  better  current  specs;  the  latter  has  built-in 
protection  diodes).  The  L293  has  four  push-pull  outputs, 
and  two  sets  of  two  outputs  are  connected  to  an 
active-high  enable  pin.  As  you  can  see  in  the  schematic 
(Figure  5),  the  enable  pins  are  pulled  down.  This  is 
important  to  prevent  the  motor  from  running  while  the 
Propeller  is  going  through  its  start-up  process  and 
configuring  I/O  pins. 

In  many  applications,  the  enable  pins  are  set  when 
the  other  pins  are  configured  and  that's  that.  In  some 
applications,  though,  we  may  want  to  use  the  enable  pins 
to  "coast"  the  motors.  Let  me  share  a real-world  example. 
My  friend,  Lou,  builds  motorized  pan/tilt  heads  for  movie 
cameras.  His  master  controller  uses  a Propeller,  code 
identical  to  what  I've  described  here,  and  an  L62Q5N 
driver  (same  as  in  the  Stingray  robot). 

One  of  Lou’s  customers  uses  a very  large  telephoto 
lens  on  the  rig.  The  lens  is  physically  long,  hence  has 
some  serious  mass  at  the  end  of  what  becomes  a lever. 
Simply  slopping  and  locking  — which  happens  when  the 
enable  pins  are  left  high  — can  cause  the  image  to 
vibrate  when  the  rig  comes  to  a stop  due  to  the  lens's 
inertia. 

The  mass  at  the  end  of  the  lens  wants  to  carry  it  past 
the  stop  point  (this  is  what  causes  the  vibration).  Lou 
solved  the  problem  by  allowing  a coast  input.  When  the 
motor  is  coming  to  a stop  and  reaches  a speed  near  zero, 
the  enable  pin  is  released  and  the  motor  is  allowed  to 
coast.  This  lets  the  rig  come  to  a stop  on  its  own  without 
any  nasty  vibrations. 


CODE  ONCE,  REUSE  MANY  TIMES 

It  just  makes  sense,  given  the  modularity  of  the 
Propeller,  that  we  take  this  code  and  bundle  it  into  an 
object  that  we  can  use  when  needed.  By  creating  an 
object,  we  can  control  up  to  two  motors  with  each,  and 
by  using  multiple  copies  of  the  object,  we  can  control 
more  than  two  motors. 

Most  objects  have  a s tart()  method;  in  this  object, 
it  allows  us  to  choose  which  pins  to  use  and  the 
PWM  frequency.  I think  it  best  to  allow  this  per  project 
instead  of  locking  the  PWM  frequency  into  the  object 
code;  this  would  limit  the  object’s  flexibility  with  different 
motors: 

pub  start (mOp,  mOd,  mlp,  mid,  freq)  I ok 
stop 

if  (mOp  =>  0) 
mxpwm[G]  :=  mOp 
mxdir[0]  :=  mOd 
dira [mOd]  :=  1 


if  (mlp  ->  0) 

mxpwm [ 1 ] : = mlp 

mxdir[l]  :=  mid 
dira [mid]  :=  1 

pwmtix  :=  clkfreq  / freq 

ok  :=  cog  :=  cognew (dualpwm,  ©stack)  + 1 

return  cog 

You  can  see  that  there  is  a ,rp"  (PWM)  and  ”d" 
(direction)  pin  for  each  motor,  as  well  as  a setting  for  the 
PWM  frequency  (expressed  in  Hertz).  If  we  only  want  to 
use  one  motor,  then  we'll  pass  -1  as  the  pin  numbers  for 
the  unused  motor. 

As  with  most  Propeller  objects,  this  one  allows  the 
user  to  reconfigure  on-th e-fly  by  including  a stop() 
method.  This  is  pretty  simple:  it  unloads  the  current  cog 
(if  it  was  already  running)  and  sets  the  motor  PWM  pins 
to  -1  (which  is  the  flag  value  for  "not  used”). 

[f  a motor  set  is  used  (PWM  pin  is  0 or  greater), 
then  that  value  (as  well  as  the  direction  pin  value)  is 
copied  to  a global  array  for  access  by  main  program 
methods  as  well  as  the  PWM  cog.  Note  that  I don't 
include  a lot  of  error  trapping  here.  I'm  of  the  opinion 
that  most  people  are  smart  enough  not  to  assign  the 
same  pin  number  to  the  PWM  and  direction  pins.  Note, 
too,  that  the  direction  pin  is  set  as  an  output  in  the 
main  program  cog  because  this  is  where  it  gets  controlled. 
As  we  saw  during  the  discussion  of  the  PWM  cog,  the 
PWM  pin  is  controlled  there,  hence  it  is  set  to  an  output 
there. 

This  is  important:  You  don't  want  to  make  the 
PWM  pin  an  output  in  the  main  program  cog.  The 
reason  is  that  the  outputs  of  each  cog  get  ORfd 
together.  If  two  cogs  have  the  same  pin  defined  as  an 
output  and  either  one  fs  high,  the  output  will  be  high  no 
matter  what  is  happening  with  the  other  cog.  There  are 
applications  where  this  behavior  is  useful  (IR  modulation 
is  one  example),  but  with  motor  control  it  is  not  what 
we  want. 

With  the  motor  pins  defined,  the  ticks  for  the  PWM 
period  are  calculated  using  clkfreq  (a  run-time  variable 
that  expresses  system  clock  ticks  per  second)  and,  finally, 
the  Spin  cog  is  launched  with  cognew. 

When  launching  a Spin  cog,  we  have  to  define  a stack 
for  it.  The  stack  is  allocated  variable  space  used  by  the 
Spin  interpreter  for  intermediate  values,  parameters,  and 
local  variables.  Stack  definition  can  at  times  seem  like 
black  magic.  For  simple  methods  like  this,  I find  that  a 
stack  of  16  longs  is  plenty.  When  in  doubt,  there  are  tools 
available  (in  QbEx)  to  analyze  stack  usage.  It’s  important 
that  we  declare  enough  stack  space,  but  we  don't  want  to 
make  it  so  large  as  to  waste  RAM  that  could  be  used 
elsewhere. 

Here's  how  we  construct  a dual  PWM  cog  that  can 
use  any  set(s)  of  pins: 
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pri  dualpwm  I sync 


if  (mxpwm[0]  =>  0) 

ctra  :=  (%00100  « 26)  I mxpwm[0] 
f rqa  : = 1 

dira [mxpwm [0] ] : = 1 

else 

f rqa  : = 0 
phsa  : = 0 

if  (mxpwm [1]  =>  0) 

ctrb  :=  (%00!00  « 26)  I mxpwm [1] 
f rqb  : = 1 


di r a [ mxpwm [ 1 ] ] :=  1 

else 

f rqb  : - 0 
phsb  : - 0 

sync  : = cnt 
repeat 

if  (mxpwm[0]  =>  0) 
phsa  :=  -mxtix[0] 
if  ( mxpwm [1]  =>  0) 
phsb  :=  -mxtix[lj 
waitcnttsync  +=  pwmcix} 
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The  primary  difference 
between  this  version  of  the  method 
and  the  first  is  that  we  don’t  pass 
the  PWM  pins  as  parameters;  they 
are  part  of  the  global  array.  The  same 
is  true  for  the  PWM  period  timing; 
this  is  calculated  and  stored  in  a 
global  variable.  Finally,  with  two 
counters  at  our  disposal  we  are  able 
to  use  both  if  desired.  As  described 
earlier,  PWM  pin  designated  as  *1  is 
not  used. 

The  sample  code  (which  you  can 
download  from  the  article  link) 
includes  the  final  object  and  a demo 
program  that  lets  us  test  the  code 
using  a keyboard  interface.  Connect 
your  favorite  H-bridge,  a motor,  and 
let  'er  fly. 

I think  that's  about  enough  for 
this  time.  Next  time,  I'll  show  you 
how  to  use  a similar  trick  with  the 
counters  to  create  a virtual  servo 
controller,  and  well  even  take  steps 
to  fix  the  problem  some  find  with 
"walking'’  servo  outputs. 

Until  then,  get  your  motors 
running  and  keep  spinning  and 
winning  with  the  Propeller!  NV 


JON  "JONNYMAC" 
WILLIAMS 

j williams  @efx-tek,  com 

PARALLAX,  INC. 

www.parallax.com 
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so  every  environment 
is  fair  game. 

Start  your  day  with  a 
hot  cup  of  coffee  and  end 
with  a hot  application 
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Ramsey  Kits  Are  Always  Cool,  Even  In  The  Summer  Heat! 


Four-Mode  Keyless  Entry  Test  Set 

Troubleshoot  vehicular  keyless  entry  and  wireless  remote 
control  systems! 

Detects  and  verifies  key  fob  to  vehicle  signals  as  well  as 
vehicle  to  key  fob  signals! 

Separate  visual  indicators  for  the  presence  of  31 5/43 3 MHz, 

125kHz,  20kHz  and  IR  signals! 

Can  also  test  virtually  any  wireless  IR/RF  control  and  building 
access  systems! 

Can  even  test  household  and  home  entertainment  IR  remote 
controls  for  the  presence  of  IR  signal  output! 

AhhIL.  the  conveniences  of  today's  technology  in  our  modern  world! 

Voice  recognition,  LED’s  instead  of  incandescent  bulbs,  on-board  compu 
ers,  on-board  hard  drives,  automatic  parallel  parking,  automatic  radar  cruise 
control,  and  of  course,  wireless  remote  controls!  They  make  it  so  simple, 
just  have  the  "key"  (called  a key  fob)  somewhere  in  your  pocket  or  purse, 
near  the  vehicle,  it  knows  that  you  are  there!  Touch  the  door  handle  and  tf 
unlocks.  Get  in  and  touch  the  start  button  and  the  vehicle  starts.  You  have  yet  to  use  a 
key  through  the  whole  process!  And  don't  forget  all  the  wireless  controls  for  your  house 
lights,  building  access  and  entertainment  systems.  They're  so  great...  until  they  don’t 
work! 
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fust  like  the  days  of  "plugs,  points,  and  condenser”  are  over,  so  are  the  days  of  having  the 
hardware  store  grind  out  a spare  key  for  your  car!  Now  when  your  keyless  access  system 
doesn’t  work,  you  need  to  accurately  detect  what  part  of  the  system  is  malfunctioning.  This  could  be  anything 
from  a dead  battery  in  the  key  fob,  a "brain-dead'1  key  fob,  to  malfunctioning  sensors,  antennas,  or  other  system 
components  in  the  vehicle.  Tne  WCT3  is  designed  for  both  the  car  dealer  service  shops  as  well  as  the  consumer. 
Until  now  there  was  no  way  to  determine  where  the  system  was  failing  Please  note  that  the  WCT3  simply  veri- 
fies the  generation  of  the  control  signals.  Indication  of  signal  presence  is  not  an  indication  the  encoded  data  is 
valid,  nor  is  it  a reader  of  that  code,  so  don't  worry,  this  will  not  help  anyone  steal  your  car! 


First,  let's  cover  a few  basics  about  vehicular  keyless  entry.  In  general,  (not  all  systems  are  created  equal),  the 
vehicle  itself  generates  a signal  at  125  kHz  or  20kHz,  This  is  the  signal  that  is  used  to  "talk"  to  your  individual 
key  fob.  Upon  receiving  the  signal,  your  key  fob  "returns"  a 315MHz  signal  uniquely  encoded  with  an  identifica- 
tion code  and  unlock  command.  If  the  embedded  codes  of  the  vehicle  and  your  key  fob  match,  you're  in!  Once 
you  have  "unlocked"  the  vehicle,  and  are  inside  the  vehicle,  the  presence  of  your  key  fob  is  detected  in  the  same 
way  when  the  "start”  button  is  pressed,  tf  the  codes  match,  the  vehicle  can  be  started.  Some  manufacturers 
also  use  Infrared  (IR)  signals  in  their  key  fobs  to  add  additional  user  control  functions  to  the  vehicle.  In  that 
case,  the  key  fob  generates  a modulated  IR  signal  that  is  received  by  the  vehicle's  IR  detectors  placed  through- 
out the  perimeter  of  the  vehicle. 

Testing  your  system  is  easy.  To  test  the  complete  125  kHz/315  MHz  communications  path  just  stand  close  to 
the  vehicle  with  the  WCT3  and  your  key  fob  in  hand.  Press  the  test  button  and  the  WCT3  will  detect  and  display 
the  presence  of  the  vehicle's  125kHz/20KHz  signal  and,  if  they  "handshake”,  will  also  detect  and  display  the 
presence  of  your  key  fob's  315MHz  return  signal.  You  can  independently  test  key  fob  only  signals  (panic,  lock, 
trunk,  etc.)  by  holding  the  key  fob  near  the  WCT3,  pressing  the  test  button,  and  pushing  the  function  button  on 
the  key  fob.  The  same  functionality  testing  can  be  done  with  IR  key  fobs.  The  modulated  IR  signal  is  detected 
and  will  illuminate  the  IR  test  LED  on  the  test  set.  If  you  know  a few  "secrets”  you  can  also  see  if  the  tire  pres- 
sure sensors/transmitters  are  generating  signals  or  the  built-in  garage  door  opener  in  your  rear  view  mirror  is 
transmitting  a signal!  But  the  WCT3's  uses  go  beyond  the  automotive  world.  The  majority  of  building  wireless 
access  systems  also  utilize  125  kHz.  Just  hold  the  test  set  near  the  building  access  sensor  and  the  WCT3  will 
detect  tne  1 25  kHz  signal.  That  will  help  you  troubleshoot  door  access  locations  that  are  not  working.  It  gets 
even  better..*  you  can  use  the  WCT3  to  test  virtually  any  other  315  MHz,  433  MHz,  125kHz,  20kHz  and  IR  wire- 
less control  system  to  verify  generation  of  a signal.  We  should  rename  this  "the  handy-dandy, 
universal,  wireless  remote  control  tester"! 

The  WCT3  test  set  is  housed  in  a compact  2,25"  x 4.6"  x 9"  case  and  is  powered  by  a stan- 
dard 9VDC  battery.  The  test  set  is  available  as  a do-it-yourself  hobby  kit  or  factory  assembled 
and  tested.  For  the  kit  builder,  the  WCT3  contains  both  5MT  and  through-hole  components, 
with  170  solder  points.  If  you're  a car  dealer,  independent  service  shop,  or  simply  an  owner 
of  a newer  vehicle  with  keyless  entry,  or  have  wireless  entertainment  controls  you  can't  afford 
not  to  have  a WCT3! 

WCT3  Four- Mode  Keyless  Entry  Test  Set  Kit  559.95 

WCT3WT  Four-Mode  Keyless  Entry  Test  Set,  Factory  Assembled  & Tested  599.95 
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The  Learning 
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Beginners  To  Advanced  .-  !fs  Fun! 

Learn  and  build! 

130,  200,  300,  & 500  in  one  electronic  labs! 
Practical  through  hole  and  SMT  soldering  labs! 
Integrated  circuit  AM/FM  radio  lab! 

FuerCell,  Solar  Hydrogen,  and  Bio-Energy  tabs! 
Beginner's  non-soldering  kits! 

For  over  3 decades  we've  become  famous  for  making 
electronics  fun,  while  at  the  same  time  making  it  a 
great  learning  experience.  As  technology  has  changed 
over  these  years,  we  have  continued  that  goal! 

PLI30A  Gives  you  130  different  electronic  projects 
together  with  a comprehensive  teaming  manual 
describing  the  theory  behind  all  the  projects, 

PL2Q0  Includes  200  very  creative  fun  projects  and 
includes  a neat  interactive  front  panel  with  2 controls, 
speaker,  LED  display  and  a meter, 

PL3Q0  Jump  up  to  300  separate  projects  that 
start  walking  you  through  the  learning  phase  of  digital 
electronics. 

PL500  The  ultimate  electronics  lab  that  includes 
500  separate  projects  that  cover  it  all,  from  the  basics 
all  the  way  to  digital  programming. 

SP3B  Whether  young  or  old,  there's  always  a 
need  to  hone  your  soldering  skills.  Either  learn  from 
scratch  or  consider  it  a refresher,  and  end  up  with  a 
neat  little  project  when  you're  done! 

SM200K  Move  up  to  Surface  Mount  Technology 
(SMT)  soldering,  and  learn  exactly  how  to  solder 
those  tiny  little  components  to  a board! 

AMFMW8K  We  not  only  take  you  through  AM  and  FM 
radio  theory  but  we  guide  you  through  IC's.  When 
you're  done  you've  built  yourself  an  1C  based  AM/FM 
radio  that  works  great! 

KNSIO  With  a reversible  PEM  fuel  cell  that  com- 
bines electrolysis  and  power  conversion  into  a single 
device  you  end  up  building  your  own  fuel  cell  car! 
Learn  tomorrows  technology  today! 


Digital  Voice  Changer 

This  voice  changer  kit  is  a riot!  Just 
like  the  expensive  units  you  hear  the 
DJ's  use,  it  changes  your  voice  with  a multitude  of 
effects!  You  can  sound  just  like  a robot,  you  can  even 
ad  vibrato  to  your  voice!  1 .5W  speaker  output  plus  a 
line  level  output!  Runs  on  a standard  9 V battery. 

MK171  Voice  Changer  Kit  514.95 


Steam  Engine  & Whistle 


Simulates  the  sound  of  a vintage  steam 
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volume,  and  at  the  touch  of  a button  the 
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engine  locomotive  and  whistle!  Also  pro- 
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vides  variable  "engine  speed"  as  well  as 
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steam  whistle  blows!  Includes  speaker. 
Runs  on  a standard  9V  battery. 


MK134  Steam  Engine  & Whistle  Kit 


ST  1.95 


Laser  Trip  Senser  Alarm 
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True  laser  protects  over  500 
yards!  At  fast  within  the 


Electronic  Watch  Dog 


reach  of  the  hobbyist,  this  neat  kit  uses  a standard 


laser  pointer  (included)  to  provide  both  audible  and 
visual  alert  of  a broken  path,  5A  relay  makes  it  simple 


to  interface!  Breakaway  board  to  separate  sections. 


A barking  dog  on  a PC  board!  And  you  don'i 
to  feed  it!  ' 


have  to  feed  it!  Generates  2 different  selec 
table  barking  dog  sounds.  Plus  a built-in  mic 
senses  noise  and  can  be  set  to  bark  when  it 
hears  it!  Adjustable  sensitivity!  Unlike  the 
Saint,  eats  2-8VAC  or  9-12VDC,  it's  not  fussy! 


LTS1  Laser  Trip  Sensor  Alarm  Kit 
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K2655  Electronic  Watch  Dog  Kit 


539.95 


KNS 1 1 Learn  alternative  fuel  technology  while 

you  build  your  own  H-Racer  car  and  refueling  station! 


KNS  13  Convert  ethanol  alcohol  to  run  a PEM  fuel 
cell  and  watch  it  all  work  in  front  of  your  eyes! 


KNS1 


A great  beginner's  kit  for  the  dinosaur 
enthusiast  in  the  family,  young  and  old!  A wooden 


hobby  kit  that  teaches  motor  and  gear  driven  opera- 
mat  requires  no  soldering. 
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PL13QA 

PL2Q0 

PL30O 

PL50G 

SPl  A 

SM200K 

AMFM108K 

KNSIO 

KNS11 

KNS13 

KN51 


130-In-One  Lab  Kit 
2OO-ln-0ne  Lab  Kit 
300-ln-One  Lab  Kit 
500-ln-One  Lab  Kit 
Through  Hole  Soldering  Lab 
SMT  Practical  Soldering  Lab 
AM/FM  1C  Lab  Kit  & Course 
Fuel  Ceil  Car  Science  Kit 


H-Racer  & Refueling  Station 


Bio-Energy  Fuel  CeJf  Kit 
Tyrannomech  Motorized  Kit 


539.95 

569.95 

589.95 
5219.95 

59.95 

$22.95 

534.95 

562.95 
Kit  51 44.95 

5129*95 

517.95 


Look  for  the  QR  tag  like  this 
throughout  our  catalog  and 
print  ads.  Use  the  Tag  app  in 
your  smart  phone  to  automati- 
cally get  more  information  for 
that  specific  product,  or  in  this 
case,  it  will  take  you  right  to 
www.ramseykits.  com ! 


✓ 

✓ 

✓ 

✓ 


Build  It! 
Learn  ft! 
Achieve  it! 
Enjoy  It! 
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Follow  Us  and  SAVE 


Follow  us  on  your  favorite  network  site  and 
look  for  a lot  of  super  deals  posted  frequently, 
exclusively  for  our  followers! 


Digital  Controlled  FM  Stereo  Transmitter 

PLl  synthesized  for  drift  free  operation 
Front  panel  digital  control  and  display  of  all  set 
tings  and  parameters! 

Profession  a I metal  case  for  noise-free  operation 
EMI  filtering  on  audio  and  power  inputs 
Super  audio  quality  rivals  commercial  broadcasts 
Available  in  domestic  kit  or  factory  assembled 
export  versions 

For  nearly  a decade  we've  been  the  leader  in  hobbyist  FM  radio  transmitters.  We  told  our  engineers  we  wanted 
a new  technology  transmitter  that  would  provide  FM100  series  quality  without  the  advanced  mixer  features. 

They  took  it  as  a challenge  and  designed  not  one,  but  TWO  transmitters!  The  FM30  is  designed  using  through- 
hole  technology  and  components  and  is  available  only  as  a do-it-yourself  kit  with  a 25 mW  output  very  similar  to 
our  FM25  series.  Then  the  engineers  redesigned  their  brand-new  design  using  surface  mount  technology  (SMT) 
for  a very  special  factory  assembled  and  tested  FM35WT  version  with  1 W output  for  our  export  only  market! 

All  settings  can  be  changed  without  taking  the  cover  off!  Enter  the  setup  mode  from  the  front  panel  and  step 
through  trie  menu  to  make  all  of  your  adjustments.  A two  line  LCD  display  shows  you  all  the  settings!  In  addi- 
tion to  the  LCD  display  a front  panel  LED  indicates  PLL  lock  so  you  know  you  are  transmitting,  Besides  frequen- 
cy selection,  front  panel  control  and  display  gives  you  256  steps  of  audio  volume  (left  and  right  combined)  as 
well  as  RF  output  power.  A separate  balance  setting  compensates  for  left/right  differences  in  audio  level.  In 
addition  to  settings,  the  LCD  display  shows  you  "Quality  of  Signal"  to  help  you  set  your  levels  for  optimum  sound 
quality.  And  of  course,  all  settings  are  stored  in  non-volatile  memory  for  future  use!  Both  the  FM30  and  FM35WT 
operate  on  13.8  to  16VDC  and  include  a 15VDC  plug-in  power  supply.  The  stylish  black  metal  case  measures 
5.55"W  x 6.45  "D  x 1.5  "H.  Call  for  FM35BWT  export  information.  (Note  After  assembly  of  this  do-it-yourself  hobby 
kit,  the  user  is  responsible  for  complying  with  all  FCC  rules  & regulations  within  the  US,  or  any  regulations  of  their  respec- 
tive governing  body.  FM35BWT is  for  export  use  and  can  only  be  shipped  to  locations  outside  the  continental  US  or  valid 
APQ/FPO  addresses  or  valid  customs  brokers  for  end  delivery  outside  the  continental  US.) 

FM30B  Digital  Controlled  FM  Stereo  Transmitter  Kitr  0-2 5m W,  Black  Si  99.95 


Ultimate  555  Timers. gto 

This  new  series  builds  on  **  **  * K - 

the  classic  UTS  kit,  ^ , 

but  takes  it  to  a gy’  f _ 

whole  new  level!  1 . 

You  can  configure  ' ^ ^ 

it  on  the  fly  with  easy- 

to-use  jumper  settings,  drive  ' utsas 

relays,  and  directly  interface  all  timer  functions  with 

onboard  controls  or  external  signals. 

All  connections  are  easily  made  though  terminal 
blocks.  Plus,  we've  replaced  the  ceramic  capacitor  of 
other  timer  kits  with  a Mylar  capacitor  which  keeps 
your  timings  stable  over  a much  wider  range  of  volt- 
ages! Available  in  through  hole  or  surface  mount  ver- 
sions! Visit  www.ramseyKits.com  for  version  details. 

UTS  A Through  Hole  555  Timer/Osc  Kit  $24.95 

UT5AS  SMT  555  Timer/OSC  Kit  $26.95 


OBDII  CarChtp  Pro 

The  incredible  OBDII 


in  monitor  1 car 

that  has  everyone  talk  in  gT  Once  O yi 

plugged  into  your  vehicle  it  monitors 
up  to  300  hours  of  trip  data,  from  speed,  braking, 
acceleration,  RPMi  and  a whole  lot  more.  Reads  and 
resets  your  check  engine  light,  and  more! 

8226  CarChip  Pro  OBDII  Monitor-Asmb  $79.00 


RF  Preamplifier  ^ \ * 

The  famous  RF  preamp  that's  been  ^ ^ 

written  up  in  the  radio  & electronics 
magazines!  This  super  broadband  preamp 
covers  100  KHz  to  1000  MHz!  Unconditionally  stable 
gain  is  greater  than  16dB  while  noise  is  less  than  4dB! 
50-75  ohm  input.  Runs  on  12-15  VDC. 

5A7  RF  Preamp  Kit  $19.95 


Touch  Switch 

Touch  on,  touch  off,  or  momentary^KyT^ 
touch  hold,  it's  your  choice  with 
little  kit!  Uses  CMOS  technology. 

Actually  includes  TWO  totally  separate  touch  circuits 
on  the  board!  Drives  any  low  voltage  load  up  to 
100mA,  Runs  on  6-12  VDC. 

TSl  Touch  Switch  Kit  $9 


Doppler  Direction  Finder  ! 

Track  down  jammers  and  hidden 
transmitters  with  ease!  22.5  degree 
bearing  indicator  with  adjustable  mvm 
damping,  phase  inversion,  scan  and 
more.  Includes  5 piece  antenna  kit. 

Runs  on  12VDC  vehicle  or  battery  power. 

DDF1  Doppler  Direction  Finder  Kit 


Mad  Blaster  Warble  Alarm 

if  you  need  to  simply  get  atten- 
tion,  the  "Mad  Blaster  is  the 
answer,  producing  a LOUD  ear 
shattering  raucous  racket!  Super  for  \jp 
car  and  home  alarms  as  well.  Drives 
any  speaker.  Runs  on  9-12VDC. 

MB1  Mad  Blaster  Warble  Alarm  Kit 


Laser  Light  Show  1 

Just  like  the  big  concerts,  you  ^ -_-y 
can  impress  your  friends  with  . if 

your  own  laser  light  show! 

Audio  input  modulates  the 
laser  display  to  your  favorite  music! 

Adjustable  pattern  & speed.  Runs  on  6-12VDC 

LLSl  Laser  Light  Show  Kit 


the  50's  brought  back  in  one  of  ■'  , ; iULwjwiF-r  M 

the  neatest  digital  clocks  around | j] 

today]  This  compact  unit  is 

great  to  build  into  your  own  enclosure  or  order  our 
custom  plexiglass  enclosure.  Requires  1 2VDC  500mA 

K8099  Compact  Nixie  Clock  Kit  $139.9! 


USB  DMX  Interface 

Control  DMX  fixtures  with  your  PC  via 

USB!  Controls  up  to  512  DMX  channels  |3 

each  with  256  different  levels!  Uses 

standard  XLR  cables.  Multiple  fixtures 

can  be  simply  daisy  chained.  Includes  Light  Player 

software  for  easy  control.  Runs  on  USB  or  9V  power, 

K8062  USB  DMX  Interface  Controller  Kit  $67.95 


HV  Plasma  Generator 

Generate  2"  sparks  to  a handheld 
screwdriver]  Light  fluorescent  tubes 
without  wires!  This  plasma 


Water  Sensor  Alarm  “ 

This  little  $7  kit  can  really  "bail  you  out"! 

Simply  mount  the  alarm  where  you  want  to 
detect  water  level  problems  (sump  pump)! 
When  the  water  touches  the  contacts  the 
alarm  goes  off!  Sensor  can  even  be  remotely 
located.  Runs  on  a standard  9V  battery. 

MK1 08  Water  Sensor  Alarm  Kit 


genera- 

tor  creates  up  to  25kV  at  20kHz  from  a v . 
solid  state  circuit!  Build  plasma  bulbs  from 
regular  bulbs  and  more!  Runs  on  16VAC  or  5 -24 VDC 

PG13  HV  Plasma  Generator  Kit  $64.9 


Air  Blasting  Ion  Generator  : 

Generates  negative  ions  along  with  a 
hefty  blast  of  fresh  air,  all  without  any 
noise!  The  steady  state  DC  voltage 
generates  7.5kV  DC  negative  at  400uA,  ' 
and  that's  LOTS  of  ions!  Includes  7 wind 
tubes  for  max  air!  Runs  on  12-15VDC. 

IG7  Ion  Generator  Kit 


Tickle -Stick  Shocker 

The  kit  has  a pulsing  SO  volt  tickle 


Speedy  Speed  Radar  Gun 

Our  famous  Speedy  radar  gun  — 
teaches  you  aoppler  effect  the 
fun  way!  Digital  readout  dis-  Jffl 
plays  in  MPH,  KPH,  or  FPS.  You 
supply  two  coffee  cans!  Runs  on 
12VDC  or  our  AC  125  supply. 

SG7  Speed  Radar  Gun  Kit 


output  and  a mischievous  blink- 
ing  LED.  And  who  can  resist  a * ^ 
blinking  light  and  an  unlabeled 
switch!  Great  fun  for  your  desk, 

"Hey,  I told  you  not  to  touch!"  Runs  on  3-6  VDC 

TS4  Tickle  Stick  Kit  S 


Tri-Field  Meter  Kit  -• 

■ / • • •- 

"See"  electrical,  magnetic,  and  RF  fields  as 
a graphical  LED  display  on  the  front  panel!  * ' " 

Use  it  to  detect  these  fields  in  your  J r: 

house,  find  RF  sources,  you  name  it  Vv 

Featured  on  CBS's  Ghost  Whisperer  to 
detect  the  presence  of  ghosts!  Req's  4 AAA  batteries 

TFM3C  Tri-Field  Meter  Kit  S74.S 


Passive  Aircraft  Monitor 

The  hit  of  the  decade!  Our  patented  receiver 
hears  the  entire  aircraft  band  without  any 
tuning!  Passive  design  has  no  LO,  therefore 
can  be  used  on  board  aircraft!  Perfect  for  air- 
shows,  hears  the  active  traffic  as  it  happens! 
Available  kit  or  factory  assembled. 

ABM1  Passive  Aircraft  Receiver  Kit 


Broadband  RF  Preamp 

Need  to  "perk-up"  your  counter  or  BHB 

other  equipment  to  read  weak  sig- 

nals?  This  preamp  has  low  noise  and 

yet  provides  25dB  gain  from  1MHz  to  well 

over  1GHz,  Output  can  reach  TOOmWl  Runs  on 

12  volts  AC  or  DC  or  the  included  1 10VAC  PS.  Assmb 

PR2  Broadband  RF  Preamp  $69.9 


Fleet  ret  Condenser  Mic 

This  extremely  sensitive  3/8"  mic 
has  a built-in  FET  preamplifier!  It's 


Sn\ff-\t  RF  Detector  Probe  ; 

Measure  RF  with  your  standard  ff  ^ jj 

DMM  or  VOM!  This  extremely  sensi-1  ^ 

tive  RF  detector  probe  connects  to 

any  voltmeter  and  allows  you  to  ^ 

measure  RF  from  100kHz  to  over  1GHz!  So  sensitive  it 

can  be  used  as  a RF  field  strength  meter! 

RF1  Sniff- It  RF  Detector  Probe  Kit  $27.95 


3-ln-1  Multifunction 

The  handiest  item  for  your 

bench!  Includes  a RoHS  9 I ' 

compliant  temp  controlled  M 1 1 

soldering  station,  digital  mul- 
timeter, and  a regulated  lab  power  supply!  All  in  one 
small  unit  for  your  bench!  It  can't  be  beat! 

LAB1U  3-In  1 Multifunction  Solder  Lab  $134.95 


a great  replacement  mic,  or  a perfect 
answer  to  add  a mic  to  your  project. 

Powered  by  3-15VDC,  and  we  even  include  coupling 
cap  and  a current  limiting  resistor!  Extremely  popular! 

MCI  Mini  Electret  Condenser  Mic  Kit  $3.95 


800-446-2295 

vv.ramseykits.com 


I Get  the  latest  201 1 Ramsey  Hobby  Catalog 
\ today!  Filled  with  some  of  the  neatest 
\ goodies  around!  Order  yours  today...  Or 
J be  green  and  download  the  PDF  at 
io,  vm'.ramseykits.  com/ catalog ! prices,  avaibbUfy 


RAMSEY  ELECTRONICS® 

590  Fishers  Station  Drive 
Victor.  NY  14564 
(SOO)  446-2295 
taV^  (585)  924-4560 


WHAT'S  UP: 

Join  us  as  we  delve  into  the 
basics  of  electronics  as  applied 


■ WITH  RUSSELL  KINCAID 

In  this  column,  I answer  questions  about  all 
aspects  of  electronics,  including  computer  hardware, 
software,  circuits,  electronic  theory,  troubleshooting, 
and  anything  else  of  interest  to  the  hobbyist  Feel 
free  to  participate  with  your  questions,  comments, 
or  suggestions.  Send  all  questions  and  comments  to: 
G&A@  nutsvofts.com 


to  every  day  problems,  like: 


/ 

/ 


Theremin  Coils 
Leak  Noise  Correlator 
Modified  Beeper/LED  Circuit 


LEAK  NOISE 
CORRELATOR 


i volunteer  for  my  local 
water  department.  The 
pipes  are  all  cast  iron  - 
four  and  six  inch  — within 
the  water  district.  We  have  several 
and  expensive  breaks  each  year, 
mainly  during  the  winter  and  spring 
thaw.  Our  water  operator  currently 
locates  these  leaks  with  a sounding 
device  he  acquired  years  ago.  As  you 
can  imagine,  it  is  labor-intensive  and 
often  we  have  to  dig  up  whole 
sections  of  road  just  to  find  a leak  or 
broken  pipe. 

Lately,  a new  device  has  come 
on  the  market  which  can  accurately 
locate  the  break.  The  only  thing 
about  it  is  the  cost  is  out  of  sight.  The 
principle  on  how  these  leak  noise 
correlators  work  has  been  described 


as  a microprocessor-based  system 
that  uses  cross-correlation  to 
determine  the  time  difference 
between  signals. 

The  ping  sensor  with  an  amplifier 
maybe  ideal  for  this,  although  1 do 
not  know.  Any  help  you  could  give 
with  the  design  and  assembly  of  one 
of  these  devices  would  be  greatly 
appreciated. 

— Howard  Epstein 

The  system  that  1 envision 
includes  a digital  storage 
oscilloscope  because  the 
human  brain  is  the  best 
correlator  you  can  find.  I found  a 
USB  powered  unit  on  eBay  that  you 
could  use  with  your  laptop  computer 
for  about  $30  (shipping  included). 

The  item  number  is  220651 026871 . 

From  the  microphone  attached 
to  the  pipe,  I would  put  a band  pass 
filter  to  eliminate  low  frequency 


traffic  noise  and  limit  the  upper 
frequencies  so  the  correlation  will  be 
easier.  Follow  this  with  a rectifier 
circuit  (envelope  detector),  then  to 
the  scope.  The  scope  is  two  channels 
so  you  can  measure  the  time 
difference  between  signals,  and  then 
apply  the  formulas  to  determine  the 
distance  to  the  break. 

There  will  have  to  be  some 
experimentation,  and  t am  willing  to 
work  with  you  to  optimize  the 
system.  To  start,  assume  that  a 300 
Hz  to  1 kHz  band  pass  will  attenuate 
traffic  noise  and  provide  a usable 
signal  envelope.  The  acoustic  sensor 
could  be  a microphone  epoxied  to  a 
ring  magnet.  The  circuit  for  each 
sensor  would  be  something  like 
Figure  1. 

I expect  the  sensors  will  be 
attached  to  a fire  hydrant.  You  will 
need  to  measure  the  velocity  of 
sound  in  the  pipe.  To  do  that,  make 
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QUESTIONS  & ANSWERS 


U - velocity  of  sound  in  the  pipe 
T1  = 01#U  T2  = D2#U  D = D1  + D2 
T1  +■  T2  = D*U  is  known,  cell  it  K 
K = Dl*tU  + D2*U 
aT  = T1  - T2  = D1*U  - D2*U 
D2*U  = D1*U  - AT 

K = D1#U  + D1*U  - aT  = 2*D1#U  - aT 

Dl  = <K  + aT)/2*U 

□2  = <K  + AT)/2*U  - AT /U 


FIGURE  2 


as  In  Figure  3. 


the  measurement  in  a section  with 
no  break.  Hit  one  hydrant  with  a 
small  hammer  and  measure  the  time 
for  the  sound  to  reach  the  other 
hydrant.  The  velocity  (V)  is;  V = T/D, 
where  D is  the  distance  between 
hydrants.  I have  derived  the 
equations  that  determine  the 
distance  to  the  break;  refer  to  my 
sketch  in  Figure  2. 

If  you  want  to  use  an  RF  link, 
Qkits  has  a transmitter  (TX433B)  for 
$9.95  and  a receiver  (RX433)  for 
$7.95  (http://store.qkits.com).  You 
can't  use  two  transmitters  on  the 
same  frequency,  so  I recommend 
that  you  hard-wire  one  of  the  sensors 
to  the  correlator.  You  will  need 
antennas  and  an  amplifier  for  the 
transmitter  modulator  at  least. 


MODIFIED  BEEPER/ 
LED  CIRCUIT 


I saw  a schematic  in  N&V 
for  a beeper/LED  and 
would  like  to  add  an  SCR 
to  it,  but  don't  know  if  it's 
placed  in  the  right  position, 

Please  indicate  if  the  SCR  is 
correctly  inserted  into  the  schematic 
(refer  to  Figure  3 in  the  answer);  if 
not,  please  modify  it. 

— Don 

The  SCR  will  not  work 
because  the  worst  case 
holding  current  is  3 mA 
and  there  will  not  be  that 
much  current  when  the  555  output  is 
high.  Even  the  best  case  (0.3  mA) 
probably  won't  work.  The  only  way  I 
see  to  do  this  is  with  a latching  relay, 


COILS 


Back  a year  or  two,  I 
designed  a Theremin  tube 
^^^^Wcircuit.  The  PITCH  and 

VOLUME  coils  are  a kind 
of  transformer  or  modified  RF  coil. 
The  pitch  frequency  is  about  350  to 
450  kHz.  The  volume  operates  at  a 
250  kHz  frequency.  My  request  is: 
Can  you  give  me  data  on  these  coils 
for  the  pitch  and  volume  RF  colls?  it 
must  be  sensitive  to  hand 
capacitance.  The  BFO  is  also  needed 
for  data  to  wind  coils. 

The  two  IF  transformers  are  455 
kHz  radio  types  which  operate  as  a 
filter  for  the  first  and  second 
harmonics.  Can  these  be  made  out 
of  the  RadioShack  cores  #276-104? 
Also,  the  volume  detector 
transformer  needs  data  on  this  to 
wind  coils  too.  Can  RadioShack  core 
#276-104  be  made  from  this  core 
too?  I'm  trying  to  get  a prototype 
built,  hut  I need  coil  windings  on  all 
of  these.  If  you  can  help  me  out  on 
the  coils/transformers  for  this  design, 
it  will  be  greatly  appreciated. 


The  inductor  in  series  with  a 
capacitor  helps  make  the  antennas 
more  sensitive  by  resonating  at  the 
coil's  frequencies.  If  I made  any 
mistakes  in  this  design,  just  let  me 
know.  It  started  out  as  something  to 
work  with. 

— Craig  Kendrick  Sellen 

I didn't  print  your  tube 
circuit  because  I do  not 
fully  understand  it.  The 
series  L-C  at  the  antenna 
will  not  work  because  it  is  not  a 
complete  circuit,  I don't  understand 
the  use  of  a 455  kHz  IF  after  the 
mixer;  I would  use  a low-pass  filter 
(see  Figure  4).  The  RadioShack  core 
will  not  operate  at  the  high 
frequency;  a ferrite  AM  antenna  core 
would  work  but  is  difficult  to  cut  to 
length. 

The  Theremin  operates  by 
heating  two  oscillators  such  that  the 
difference  in  frequency  is  in  the 
audible  range.  One  oscillator  (the 
VFO)  is  varied  by  hand  capacitance 
near  the  antenna.  A high  L low  C 
design  is  necessary  for  this  to  work. 
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The  other  oscillator  is  fixed  (the 
BFO);  a higher  C-L  ratio  is  best 
for  this  oscillator  to  improve 
stability. 

The  volume  can  he  varied 
by  running  the  signal  up  and 
down  the  triode  transfer  curve 
or  by  directly  varying  the  VFO 
amplitude.  Figure  4 is  arranged 
to  vary  the  VFO  amplitude  by 
controlling  the  current.  A 
frequency  discriminator  or 
slope  detector  is  needed  for 
this  to  work. 

I will  raise  the  frequency  to 
about  20  MHz  in  order  to  use 
easily  wound  coils;  refer  to 
Figure  5.  The  handbook 
formula  only  works  for  single- 
layer solenoid  coils;  that  is  the 
limitation.  I simulated  one  of 
the  oscillator  circuits;  the 
frequency  was  much  lower  than 
I calculated,  but  the  frequency 
is  not  important  as  long  as  the 
VFO  and  BFO  are  the  same. 

The  volume  oscillator  is  at  15 
MHz  so  it  does  not  interfere 
with  the  VFO. 

Two  oscillators  at  nearly  the 
same  frequency  will  pull 
together  unless  there  is  good 
isolation.  I am  hoping  that  Q3 
and  Q7  will  provide  sufficient 
isolation,  and  coils  LI  and  L4 
must  be  mounted  at  right 
angles  to  each  other  and  as  far 
apart  as  practical. 

In  Figure  5,  Q1  is  the  VFO 
oscillator  and  Q2  controls  the 
current,  and  thereby  the 
volume.  I was  surprised  to  learn 
that  more  current  gives  lower 
volume;  l had  expected  the 
reverse.  L3  in  the  volume  circuit 
is  tuned  lower  than  L2  so  that 
hand  capacitance  increases  the 
DC  output  and  reduces  the 
volume.  It  might  be  better  to 
tune  L3  to  be  the  same 
frequency  as  L2,  and  then  hand 
capacitance  will  increase  the 
volume. 

I had  initially  used  a diode 
mixer  hut  the  output  was  too 
low  for  the  envelope  detector; 
an  amplifier  is  needed  (now  I 
see  why  you  had  an  I F 
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QUESTIONS  & ANSWERS 


MAILBAG 


Dear  Russell;  Regarding  Geff 
Waite's  Q&A  query  in  N&  1/  March  '11 
{page  29}  for  a quick  and  cheap 
solution  to  remotely  monitor  temp, 
wind,  and  for  a camera,  perhaps  the 
solutions  at  www.iobridge.com 
would  suffice.  Ironically,  their 
advertisement  appears  two  pages 
after  Wait's  query,  in  N&V. 

— John  Triplett 

Response:  Thanks  for  the 
feedback ; John. 

Dear  Russell:  In  the  G&A  section 
of  the  April  '11  issue  {page  23),  there 
was  a piece  about  SPICE  modeling 
using  the  MC33201  SPICE  model 
from  ON  Semiconductor. The  author 
reported  some  issues  with  the 
model  and  1 was  curious  to  know 
what  types  of  circuits  were  used. 

We  recently  updated  the  model  and 
I ran  a few  quick  simulations  in 
Cadence  PSpice  with  expected 
results.  I could  not  see  issues  even 
with  the  small  supply  rails  (±1V);  I 
although,  I have  not  run  a 
simulation  in  LT  Spice. 

If  there  is  a problem,  I can  look 
Into  the  cause  and  have  the  model 
tweaked  for  better  performance. 

— Wayne  Little 

Response : I re-checked  the 
MC33201  model  in  a simple 
inverting  and  non-inverting  circuit 
and  it  worked  as  I would  expect 
down  to  ±0.5  volts > $0  I was  wrong, 
t don't  recall  what  I was  doing  that 
I concluded  that  it  didn't  work  below 
1.5  volts , but  it  wasn't  a simple 
circuit  so  it  could  be  a circuit 
problem.  I will  let  readers  know  that 
the  mode!  does  work  as  it  should. 

Thanks  for  writing. 

Dear  Russell:  Re:  DC  Power 
Supply,  March  Q&A,  page  26;  03 
seems  to  get  warm  rather  quickly. 

I have  a small  heatsink  on  it  now. 
How  warm  should  I expect  this  to 
get?  Should  it  be  a targe  heatsink? 

I have  not  run  it  for  more  than  15 
seconds  at  a time.  On  a side  note, 
can  you  recommend  a PC/USB  type 
oscilloscope?  One  would  be  very 
useful  here. 

— Jeff  Shearer 

Response:  Q3  was  not  intended 
to  supply  long  term  power;  it  is 
getting  hot  because  there  is  not 
enough  voltage  from  the  bootstrap 
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winding.  The  solution  is  to 
increase  the  winding  from  seven 
turns  to  nine  turns , but  for  a 
quick  fix  you  can  change  D8 
(the  12  volt  zener)  to  10  volts. 

The  system  should  still  work 
although  the  drive  to  Q1  and 
Q2  is  reduced. 

I can't  recommend  a USB 
scope  but  I am  thinking  of 
getting  one  for  myself.  There  is 
a storage  scope  advertised  on 
eBay  for  $30  from  China  that  I 
am  thinking  of  trying. 

Dear  Russell:  Re:  Power 
Supply,  March  '11,  Q&A,  page  26: 

1.  You  get  21,000  pF  after  solving 
the  equation  C=lxdT/dV.  I take 
exception  with  the  fact  that  the 
cap(s)  had  to  supply  2.5  amps. 
The  majority  of  the  current 
should  be  coming  from  the 
full-wave  bridge  rectifier. True 
— however  on  startup,  if  the 
caps  are  discharged  there  is 
A LOT  of  inrush  current  that 
could  amount  to  two  amps  or 
more. 

2.  Concerning  the  Q3  transistor  — 
you  say  the  base-emitter  junction 
could  'zener?'  Please  elaborate 

I have  never  heard  of  a BJT 
junction  acting  like  a zener  diode. 

3.  When  you  solve  for  L using  the 
inductive  reactance  equation  ... 
please  check  your  math.  You  have 
L=800/2/pi/100  kHz  when  I think 
you  intended  for  L=80Q/(2*pi*10Q 
kHz).  I choked  on  the  quick 
assumption  that  XL  = E/I  without 
any  discussion  of  phasors  or 
voltage/current  phase 
relationships. True  that  Fl-V/I  in  a 
DC  circuit  but  we  are  talking  AC 
here. 

4.  Just  an  observation  concerning 
safety:  Why  isn't  there  some  kind 
of  isolation  transformer  on  the 
power  input  of  the  circuit? 
Bringing  wall  current/voltage 
directly  to  the  full-wave  bridge 
rectifier  makes  me  nervous. 
Perhaps  this  is  done  to  reduce 
cost,  weight,  or  board  real  estate. 


Thanks  Russell.  My  questions/ 
comments  are  not  meant  as  a cheap 
shot.  I just  wanted  to  clarify. 

— Don  Moore 

Response:  Thanks  for  writing, 
Don.  I am  pleased  to  clarify  my 
thinking  on  this  subject 

1.  Actually , all  the  current  comes 
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through  the  bridge  rectifier  but  it 
is  in  pulses.  The  capacitor  has  to 
supply  the  current  in  between  the 
pulses;  see  Figure  A.  The  peak 
inrush  current  may  not  be  200 
amps  in  a real  circuit;  the 
capacitor  in  the  simulation  has  no 
loss  resistance.  Figure  B shows 
the  reduction  in  peak  current  with 
the  inrush  current  limiter. 
Actually,  the  resistance  of  the 
current  limiter  decreases  with 
time f so  the  steady  state  peak 
current  will  be  higher;  see  Figure  B. 

2.  The  reverse  breakdown  of  the 
base-emitter  junction  is  like  a 
zener.  The  zener  voltage  for  a 
2N2222  is  about  7.5  volts. 

3.  I may  be  wrong  but  I always 
thought  that  800/2/PI/100  kHz  was 
the  same  as  800/(2* PI*  100  kHz). 
When  the  inductor  is  lossless , XI 
does  equal  E/I.  In  this  case , / 
assumed  that  the  loss  was  small 
enough  to  neglect.  In  my  designs , 
the  objective  is  to  make  it  work , 
not  make  it  perfect. 

4.  The  reason  for  using  a switching 
power  supply  is  to  avoid  having  a 
large  transformer.  The  circuit 
should  be  enclosed  so  the 
uninformed  can't  get  their  fingers 
in  it , but  no  matter  how  hard  you 
try  to  make  something  foolproof, 
some  fool  will  find  a way. 

Dear  Russell:  Re:  Qn/Off  Switch 

Needed,  March  '11,  page  30. 

t enjoyed  the  question  on  the 
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MAILBAG  continued 

ON/OFF  switch  and  seeing  the 
simple  solution  offered  in  the 
schematic  of  Figure  3 in  the  March 
issue.  I have  sent  a few  other  simple 
solutions  that  may  be  of  interest  to 


readers.  Please  see  Figure  C. 

Circuit  #1  is  a simplified  version 
of  the  circuit  shown  in  the  answer 
that  uses  only  one  SCR. The  OFF 
pushbutton  shorts  out  the  SCR,  thus 
unlatching  it.  Power  through  the 
load  is  removed  when  the  OFF 
switch  is  lifted, The  OFF  switch  can 


also  be  used  as  a momentary 
power-on  if  needed. 

Circuit  #2  is  a basic  two 
transistor  latch  using  a PNP  for  the 
pass  transistor  and  an  NPN  for  the 
PNP  driver. The  PNP  is  turned  on  by 
a momentary  closure  to  ground. The 
NPN  is  turned  on  through  the  10K 
resistor  connected  to  the  PNP 
collector.  To  unlatch,  the  base  of  the 
NPN  is  briefly  shorted  to  ground, 
thus  causing  the  NPN  to  unbias  the 
PNP  and  the  circuit  shuts  off. 

Circuit  #3  shows  a similar 
latch  function  using  a relay.  A relay 
with  extra  contacts  can  be  used  to 
switch  other  voltages  for  loads 
needing  isolation. The  resistor  in 
series  with  the  coil  keeps  the  relay 
pulled  in  and  allows  the  OFF  button 
to  work. 

- Bob  Henry  KD5MHQ 

Response:  Thanks  for  writing , 
Bob.  These  are  interesting  circuits. 


transformer).  I changed  the  diode  to 
Q9  which  provides  gain  and  also 
doubles  as  an  envelope  detector. 
The  Q8  circuit  is  a three  pole,  low- 
pass  filter  at  20  kHz, 

When  winding  the  coils,  the 
wire  size  is  not  critical,  but  if  the  size 
is  larger  you  won't  get  77  turns  in 
one  inch  for  LI.  In  that  case,  use  77 
turns  close  wound.  I recommend 
drilling  a hole  in  the  coil  form  at  the 
length  specified  and  wind  from  hole 
to  hole.  Coat  the  coil  with  shellac  or 
varnish  for  stability. 
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it's  keyboard  emulator..., 

It's  joystick  emulator..... 
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Wireless  Data 
Links, 

Mobile  Robots,  ... 

Alarm  Systems,  Sprinkler 
Systems  & Weather  Stations.  Anything  Remote 
that  needs  a wireless  Link.  If  you  have  a BASIC 
Stamp,  now  you  can  program  it  wirelessly! 


FlashFly  Serial  Wireless  Kit  $44.95 
FlashFly  USB  Wireless  Kit  $47.95 

Program  BASIC  Stamps  Wirelessly, 

or  use  for  a wireless  data  link. 
See  our  site  for  more  info. 


USB  Stamp  Adapter  Module  $15.95 
Use  wllh  FlashFly  and  program  your  USB  Boe-Bot 
wirelessly  or  it's  Great  for  breadboarding. 
(LED  PWR  indicator  and  5.0V  regulator  built  in) 


XBee  USB  Explorer  Module  $19.95  10  Pin  2.0mm  X8ee  $0.95 

Experiment  with  XBee  modules  via  USB.  Female  HDR  Sockets 

(3.3V  regulator  built  in) 


VISIT  OUR  ONLINE  STORE  AT:  WWW.BLUEWOLFINC.COM 
FOR  MORE  INFORMATION  AND  OTHER  ITEMS. 

USE  COUPON  CODE:  NUTSVOLTS  FOR  5%  DISCOUNT  ON  ORDERS  OVER  $15.00 
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EARN  MORE  MONEY 

Get  your  dream  job! 

Be  an  FCC  Licensed 
Wireless  Technician! 

Make  up  to  $100,000  a year  and 
more  with  NO  college  degree 


Learn  Wireless  Communications  and  get  your 
"FCC  Commercial  License"  with  our  r-— 
proven  Home-Study  Course!  i 

• No  need  to  quit  your  job  or  go  to  school.  J 

• This  course  is  easy,  fast  and  low  cost.  I 

• No  previous  experience  needed!  / 

• Learn  at  home  in  your  spare  time! 


Move  to  the  front  of  the  employment  line  in  Radio-TV, 
Communications,  Avionics,  Radar,  Maritime  and  more., 
even  start  your  own  business!  [ command  productions 

Call  now  for  FREE  info 

800-932-4268 

ext.  209 

Or,  email  us: 

fcc@CommandProductions.com 


] Warren  Weagant's  FCC  License  Training 

I P.O.  Box  3000,  Dept  209  ■ Sausalito,  CA  94966 

I Please  rush  FREE  in  foimn ediately! 

I NAME: 

i 

l 


ADOflESS: 


CITY/STATF/ZIP:. 


I 

| You  may  fax  your  request  to:  415-332-1901 
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NEW  XILINX  FPGA 
AND  FTDI  USB 

HIGH  SPEED 
2.0  MODULE 


' X 


DLP  Design, 

lncv  . 

announces  their 
new  DLP-HS- 
FPCA2  high 
speed  FPGA  module 
based  on  silicon  from  Xilinx  and 
FTDI.  This  new  version  has  a larger 
FPGA,  but  is  otherwise  identical  to 
the  DLP-HSFPGA.  The  new  version 
uses  an  XC3S400A-4FT256C  from 
Xilinx.  It  has  the  same  high  speed 
USB  2.0  interface  based  on  the  FTDI 
FT2232H,  and  32M  x 8 DDR2 
SDRAM  from  Micron  as  the  previous 
version.  The  module  also  comes  with 
a working  reference  design,  and  is 
available  from  both  Digi-Key  and 
Mouser.  Price  is  $179.95. 

For  more  information,  contact; 

DLP  Design,  Inc. 

Tel:  972-824-3930 
Web:  www.dlpdesign.com 


k 


— a low  cost  developer  board  for  the 
award-winning  BOB-4H  video 
information  overlay  module.  SIS 
provides  PC-compatible  nine-pin  RS- 
232  serial  data  connectors  for  BOB- 
4H's  main  control  port  and 
debug  port,  along  with 
numerous  onboard 
hook-up  options,  and  a 
prototyping  area  to 
support  the  extensive 
application  flexibility  of  BOB- 
4 I I.  SIS  helps  new  users  get  BOB-4H 
up  and  running  quickly  to  display 
information  superimposed  over  video 
in  a broad  range  of  a pp I i cal  ions, 
including  ROV,  UAV,  robots,  video 
security  systems,  home  automation, 
law  enforcement,  racing,  and  remote 
video  inspection.  The  SIS  Application 
Guide  with  quick-start  instructions  is 
published  at  the  website  listed.  Prices 
is  $39.95  each;  small  qty. 

For  more  information,  contact: 

Decade  Engineering 

5504  Vat  View  Dr.  SE 
Turner,  OR  97392 

Tel:  503-743-3194 

Fax:  503-743-2095 
Web:  www.dacadanet.CDnn 


SIS 

DEVELOPER 

BOARD 


THEWAVERUNNER 

HRO  6 ZI 


Decade  Engineering  announces 
the  immediate  availability  of  SIS 


LeCroy  Corporation  introduces  a 
new  line  of  1 2 -bit  resolution 
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Wave  Runner®  oscilloscopes  — the 
Wave  Runner  HRO™  6 Zi.  The 
Wave  Runner  HRO  {High  Resolution 
Oscilloscope)  features  an  industry 
leading  12-bit  Anaiog-to-Digital 
Converter  (ADC),  deep  memory  of 
256  Mpts/ch,  and  superior  DC 
accuracy  specifications.  These 
features  are  in  addition  to  the 
extensive  analysis  capabilities  of  the 
WaveRunner  6 Zi.  Engineers  no 
longer  have  to  compromise  the 
analysis  functions  of  an  oscilloscope 
to  get  the  high  resolution  they  need. 

Designed  for  the  medical, 
automotive,  power,  and  electro- 
mechanical markets,  the  WaveRunner 
HRO  has  higher  resolution  and 
greater  measurement  precision  than 
eight-bit  alternatives. 

Traditional  oscilloscopes  use 
eight-bit  ADCs  to  digitize  the  data 
which  is  not  precise  enough  for 
applications  that  require  viewing 
signals  with  both  a large  and  small 
voltage  component. 

The  reduced  noise  and  improved 
resolution  of  the  1 2-bit  ADC 
architecture  provides  finer 
measurement  accuracy  and  better 
waveform  clarity.  This  can  be  seen 
with  the  55  dB  signal-to-noise  ratio 
(SNR)  and  ± 0.5%  DC  vertical  gain 
accuracy  — four  times  more  precise 
than  eight-bit  oscilloscopes. 

The  256  Mpts/ch  deep  memory 
capability  permits  long  acquisitions  to 
capture  30  seconds  of  data  sampled 
at  10  MS/s,  or  shorter  capture  times 
with  the  highest  resolution  at  2 CS/s. 
This  performance  is  augmented  by  a 
huge  offset  and  timebase  delay 
adjustment  to  allow  easy  signal  and 
amplifier  performance  assessment 
and  zooming  on  vertical  and 
horizontal  signal  characteristics. 

In  addition,  LeCroy  provides  a 
pivoting  display  that  permits  viewing 
signals  vertically,  as  well  as 
horizontally  to  obtain  more  detail  for 

Continued  on  page  81 


Recycling  & Remarketing  High  Technology 


WA R E H O USE 

5oftware,Computers,Etectr(»iiicsTEi|utpment,Doohickies 


WE  8UY/SEU  EXCESS  4 0850LETE  INVENTORIES 
FREE  COMPUTER  AND  ELECTRONIC  REJOINS 
6IANT  10.000  SC).  FT  AS-IS  SECTION 


384  W.  Caribbean  Dr. 
Sunnyvale,  CA  94089 

9:30-6:00  Sun:  1 "1 :00-5:00 

(408)743-5650  Store  x324 

WWW . WEIRDSTUFF . COM 
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Zeroplus  LAP-C  16032 
Logic  Analyzer 

16-channel  - 100MHz  - USB  2. 
SPI  - I2C  - UART  - 7-segment 
2 free  additional  protocols 


Arduino 


UNO 

$29.95 


Open  Source  Hardware 

Arduino  UNO  - MEGA  2560 
Arduino  Duemifanove  $24,95 
Freeduino  - Sseeduino 
USD  Nano 

Arduino  Shields  - Ethernet 
RGB  LCD  - XBee 


Rigol  DS1052E  DSO 

SQMHz  - up  to  IGSa/s 
1 Meg  mem  - TFT  LCD  - USB 
Advanced  triggering:  EdgeP 
Pulse,  Video,  Slope,  Alt 


Special 

$399 
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Power 


30A  PWJVl  DC  Motor 
Speed  Control 

Control  the  speed  of 
your  electric  motors  or 
the  brightness  of  your 
DC  light  bulbs. 


Arduino 


—ttery  rebuilding  service 


wmm 


Prototyping  Supplies 


USB- BT-XBEE 


rial  LCD 


_ B Save  5%  with  coupon  code  NV 

FunGizmos.com 


Dead  Batteries  ? Don't  toss  them. 


Send  them  to  us  - our  rebuilds  are 
better  than  original  specifications. 


Tools 

Him  skii 
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Manila  All 
2-36  Volls 
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ROBOT  Extreme  Motor 
POWER.  Speed  Control ! 


♦ Closed-loop  control  of  two  axes 

♦ Windows  GUI  for  all  features 

♦ Full  PID  position /velocity  loop 

♦ Trapezoidal  path  generator 
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CHIPINO 

The  Arduino  Style  Module  for  ihe  Microchip  PIC  User 
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By  John  Katausky 


A SOLAR  POWERED 
DATA  ACQUISITION 

John  Katausky  is  a consultant  with 
121  Controls.  He  has  written  this  article 
to  demonstrate  the  usage  of  121'$ 
new  Spectrum-ACE  family  of  products 
in  a real-world  application. 


Previous  issues  of  Nuts  & 

Vb/ts  have  featured  articles 
that  detailed  the  121 
Controls  Spectrum-ACE 
family  of  products.  (See  the 
March  and  April  Design 
Cycle  columns.)This  article 
builds  on  those  earlier  ones 
and  demonstrates  how 
simple  it  is  to  snap  together 
a few  devices  and  construct 
a relatively  sophisticated  — 
but  simple  — solar  powered 
Data  Acquisition  System 
(DAS). This  system  can  be 
used  to  monitor  and 
log/record  any  signal  that  can  be  represented 
by  an  analog  voltage,  or  digital  pulses  or  pulse 
widths. 

At  the  heart  of  this  system  is  the  Spectrum- 
ACE  2a  product. This  unit  sports  I28K  of 
RAM,  32K  of  user  programmable  Flash,  a 
one-wire  four-channel  16-bit  A/D  converter, 
a real-time  clock  with  256  bytes  of  user 
programmable  EEPROM,  20  general-purpose 
digital  I/O  lines,  two  UARTS,  and  six  user 
programmable  interrupts.  Additionally,  the  I/O 
can  be  expanded  via  the  external  bus,  I -Wire 
devices,  or  SPI  devices.  Just  enough  options  to 
get  almost  anyone  in  trouble! 

As  this  project  was  in  the  early  stages  of  development, 
two  decisions  were  made:  1 ) The  acquisition  system 
should  be  able  to  function  without  connection  to  AC 
power;  and  2)  Cost  was  to  be  kept  to  a minimum.  The  first 
goal  gives  the  user  great  flexibility  as  to  where  the  device 
can  be  physically  located,  plus  anything  solar  seems  to  be 
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"in,"  The  second  goal  was  established  mainly  because  it's 
always  more  fun  to  make  a high  quality  device  at  the 
lowest  possible  cost  rather  than  see  how  much  money 
you  can  spend  on  something.  After  all,  we're  not  the 
government  here! 

Okay,  if  we  are  acquiring  measurable  data  (say 
temperature),  where  will  the  data  be  stored?  We  could 
either  go  wireless  and  log  (he  data  remotely  or  use  some 
local  storage  device.  In  this  case,  we  elected  to  use  a 
storage  device  because  it  is  a bit  more  universal 
introduces  fewer  points  of  failure,  is  probably  lower  in 
overall  cost,  plus  it  makes  the  unit  completely  "self 
contained"  in  case  you  want  to  drop  it  off  somewhere  in 
the  Outback. 

Fortunately,  the  Spectrum-ACE  2a  command  set 
directly  supports  USB  thumb  drives  and  provides  a mini 
DOS-like  environment  to  create  files  and  write  or  read 
data.  Thus,  the  data  can  be  stored  on  the  USB  drive  and 
retrieved  later  on.  To  define  "later  on,"  if  we  store  100 
bytes  of  data  a minute,  a lowly  two  gig  thumb  drive  will 
take  about  38  years  to  fiiil  up.  So,  you'll  probably  want  to 
check  the  battery  or  something  else  in  the  system  before 
then. 

Figure  1 shows  the  pin-out  of  the  ACE  2a  board, 
along  with  a schematic  of  the  rest  of  the  system.  What's 
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striking  is  its  simplicity,  as  there  are  only  a few  wires  to 
connect.  The  solar  panel  is  connected  directly  to  the 
battery  which  feeds  the  LT1Q85  regulator  on  the  small 
breadboard.  The  regulated  five  volts,  along  with  the 
unregulated  battery  voltage,  is  then  brought  directly  to  the 
Spectrum-ACE  board.  This  allows  us  to  monitor  the  battery 
voltage  to  determine  if  the  system  has  sufficient  power  to 
continue  operation.  The  actual  battery  voltage  is  divided 
by  two  with  two  10K  ohm  resistors.  This  is  required 
because  the  maximum  input  on  the  A-to-D  (analog- to- 
digital)  converter  is  5.1 1 volts,  so  we  divide 
the  battery  voltage  by  two  then  have  the 
software  multiply  the  value  by  two. 

Six  wires  are  needed  to  connect  the 
FTD1  VDIP1  USB  module:  they  are  +5 
volts,  ground,  Chip  Select,  SPI  data  in 
(MISO),  SP!  data  out  (MOSI),  and  SPI 
clock.  The  74HC02  is  required  to  invert 
the  Chip  Select  to  the  VD1P1  module 
because  the  Chip  Select  is  asserted  high 
(go  figure).  Finally,  a serial  port  is  needed 
in  order  to  communicate  with  the 
Spectrum-ACE  board. 

Photo  f shows  all  of  the  components 
mounted  on  the  back  of  Ihe  solar  panel. 

The  ACE  2a  board  and  the  USB  interface 
module  are  mounted  on  121  Controls  'E' 
prototype  board  on  the  right,  the  LT1085 
voltage  regulator  including  an  on-off  switch 
is  on  the  small  board  in  the  center  and  the 
six  volt  battery  is  on  the  left.  By  the  way, 


the  five  watt  solar  panel  and  the  six  volt  battery  were 
purchased  from  eBay  for  $32  and  $20,  respectively, 
including  shipping! 

1 had  a bit  of  personal  interest  in  developing  this 
project  since  I like  to  garden,  and  being  able  to  monitor 
things  like  air  temperature,  soil  temperature,  wind  velocity, 
sunlight,  and  rainfall  is  useful  in  tracking  year-to-year 
consistency.  It  also  can  shed  some  light  on  issues  if  things 
aren't  going  well.  As  a result,  for  this  project  I decided  to 
attach  two  LM34  temperature  sensors  to  measure  air 
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temperature  and  soil  temperature,  one  light  — dependent 
resistor  to  monitor  sun  intensity,  and  one  cool  looking 
anemometer  (which  I borrowed  from  a local  university)  to 
measure  wind  velocity.  Photo  2 shows  the  unit  out  in  the 
garden.  If  the  mounting  of  the  anemometer  looks  a bit 
funky,  it's  because  ! simply  strapped  it  to  an  old 
microphone  stand  from  my  rock  'n  roll  days  and  removed 
the  boom.  The  input  connections  are  as  follows: 

* Analog  Channel  0 - Air  Temperature  using  an  LM34  - 
input  to  Analog  Channel  0. 

* Analog  Channel  1 - Soil  temperature  using  an  LM34  - 
input  to  Analog  Channel  1. 

* Analog  Channel  2 - Battery  voltage. 


♦ Analog  Channel  3 - Light-dependent  resistor  to  measure 
relative  brightness. 

* Pulse  input  1.1  - Anemometer  input. 

The  LM34s  produce  1 0 mV  of  output  per  degree 
Fahrenheit,  so  .7  volts  of  output  would  equal  70° 
Fahrenheit.  Even  though  I live  in  Phoenix,  1 don't  recall 
outdoor  temperatures  exceeding  250°  F,  so  the  range  of 
the  A4o-D  converter  was  adjusted  to  0 to  2.55  volts  for 
the  two  LM34s.  This  gives  a little  better  accuracy. 

[f  things  are  working  right,  the  battery  voltage  should 
be  somewhere  between  three  and  3.8  volts,  so  the  range 
on  Analog  Channel  2 was  set  to  5.1 1 volts,  as  was  input 
for  the  light-dependent  resistor  which  is  just  one  leg  of  a 

simple  voltage  divider  with  a 
1QK  resistor. 

I don't  know  anything 
about  commercial 
anemometers,  so  ! don't 
know  if  the  one  I obtained  is 
typical  or  not,  but  two  wires 
come  out  of  the  anemometer 
and  ihey  open  and  close 
contact  twice  for  each  full 
revolution  of  the  anemometer 
vane.  So,  each  pulse 
represents  half  a revolution. 
One  wire  from  the 
anemometer  is  connected  to 
ground  and  the  other  is 
connected  to  port  1 bit  1 on 
the  Spectrum-ACE  2a  board. 
That's  something  even  a 
software  guy  can  do! 

Somewhere  along  the 
way,  I was  told  that  the 
anemometer  rotates  10  times 
per  minute  for  every  mph  of 
wind  speed.  Thus,  20  counts 
per  minute  would  be  1 mph, 
40  counts  would  be  2 mph, 
etc.  The  software  makes  this 
adjustment  so  the  wind  speed 
is  stored  as  mph. 

Yes#  It  Is 
That  Easy! 


setio  u, OxfaOO 
openw  "data.txt" 
aid(i) 

aid (m, 08)  = 0 
aid (m, 09 } = 0 
ald(m, 10)  = 0 
aid (m, 11)  = 0 
aid (m, 12 } = 0 
aneml  = portl  & 0x02 


; Set  USB  address  and  Initialize 
; Open  a file  for  writing 
/Initialise  the  1-wire  A-to-D 
;Set  channel  0 to  16  bits,  2.55  volts 

; Set  channel  1 to  16  bits,  2.55  volts 

/Set  channel  2 to  16  bits 

/read  bit  1 which  is  the  anemometer 


do 

while  (Is  ! = 1 ) 


do 


tl  = 0 
t2  = 0 
bat  - 0 
light  = 0 
anemom  = 0 
acount  - 0 


; loop  while  Battery  > 5.9  volts 
/initialize  accumulation  variables 


/initialize  the  sample  counter 


keep  reading  and  averaging  the  sensors  for  one  minute 


do 


if  aneml  !=  (portl  & 0x02) 
anemom  = anemom 
aneml  - portl  & 


if  i s = 
tl  = tl 
t2  = t2 


+ count (1,100) 
0x02 

0 break 

+ int (aid (a, 0 ) /25 . 5) /10 


then  anemom++ 

/count  for  .5  seconds 
/read  bit  1 of  the  anemometer 
/exit  loop  is  is  = 0 
/Temperatures,  Battery, 

/and  light  intensity 


+ int (aid (a, 1 ) /25 . 5 ) / 10 
bat  = bat  + int ( <ald{a, 2}&Qxf f f 0) *10 . 22/655. 35J/100 
light  = light  + aid (a, 3) 

acount++  / Increment  the  loop  counter 

until  (is  - 0)  /when  !s  = 0,  output  to  USB 

; done  reading  the  sensors,  now  write  the  averaged  data  to  USB 


output  [s]  using  ( ##fi  .# ) 
output [s]  using (#.##} 
output [s]  using (#####) 
using (hi } 
using (##.##) 
using ) 


output [s ] 
output [sj 
output  [s] 
write  $o 


do 

while  (Is  = 0 } 
while  (bat  > 5.9) 


tl /acount,  " , " , 

bat /acount, 
light/acount , " , " , 
rdate,  " , " 

anemom/ 20,  w , " , 

++out  count 


t2 /acount , 


rtime, 


/Write  data  to  the  thumb  drive 

/wait  for  is  to  not  equal  zero 

/stop  if  Bat  <-  5.9,  else 
/loop  again 


FIGURE  2. 

This  program  reads  two  LM34  temperature  sensors,  the  voltage  from  a CDS  device, 
the  anemometer,  and  the  battery  voltage.  It  then  averages  the  data  for  one  minute  and 
finally  writes  the  data  to  a USB  thumb  drive. 


The  software 
environment  on  the 
Spectrum-ACE  2a  board  is 
called  ALEC©  which  stands 
for  "Advanced  Language  for 
Embedded  Computing/'  It 
contains  everything  you  need 
to  easily  read  all  of  the 
sensors  and  store  the  data  on 
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a USB  thumb  drive.  Figure  2 is  the  entire  base  software 
that  reads  all  of  the  sensors  and  stores  the  data  in  an  easy 
to  read  formatted  fashion  on  the  thumb  drive.  This 
software  must  be  transferred  to  the  ACE  2a  board  via  a 
program  called  Spectrum  Port  which  must  be  in  the  "non- 
native" or  programmer's  mode. 

The  Spectrum  Port  software  can  be  downloaded  free 
of  charge  from  r2lcontrolsxom.  This  basic  software  will 
acquire  and  log  data  as  long  as  the  battery  voltage  is 
above  5.9  volts.  If  it  falls  below  that  point,  execution  is 
simply  halted.  The  reason  for  terminating  execution  is  to 
insure  that  any  data  on  the  thumb  drive  is  not  corrupted  if 
the  power  supply  voltage  drops  to  an  unsafe  level-  As 
shown,  this  software  collects  all  the  data,  averages  the 
data,  and  stores  it  on  the  thumb  drive  in  an  easy  to  read 
formatted  fashion.  Now,  let's  take  a quick  walk  through 
the  code  just  to  explain  what  is  going  on. 

The  first  instruction  setio  u,  OxfaOG  tells  ALEC  the  I/O 
address  (OxfaOO)  of  the  FTD1  VD1P1  USB  module  and 
initializes  the  USB  controller.  The  next  instruction  openw 
" data.txt " opens  the  file  data.txt  for  writing.  This  is  followed 
by  six  aid  instructions  that  initialize  registers  8 through  1 1 
on  the  DS2450  1-Wire  A-to-D  converter  to  16-bif 
conversion  and  2.55  volts  full  scale.  The  first  do-while  pair 
waits  for  the  second  value  on  the  resident  battery  backed- 
up  DS28DG02  real  time  clock  to  equal  one.  Is  is  a special 
internal  register  in  ALEC.  !s  along  with  !m,  !hf  Id,  !mo,  and 
!y  are  used  to  read  and  write  the  seconds,  minutes,  hours, 
day,  month,  and  year  of  the  real  time  dock. 

To  write  a value,  you  simply  enter  !s  - 30;  to  read  it, 
you  would  enter  X = Is  or  Output  !s.  Thus,  the  instruction 
\ while  (7s  /=  1)\  is  looping  and  waiting  for  the  second  value 
to  equal  one.  The  variables  (7 1 through 
acount)  are  then  initialized  to  zero.  The 
instructions  inside  the  do-until(!s  = 0) 
loop  continuously  read,  sum,  and  scale 
the  anemometer  and  the  analog  inputs 
until  the  second  count  is  equal  to  zero 
(Is  -0).  It  should  be  noted  that  the 
c ount(l,100)  operator  reads  the  number 
of  transitions  on  port  1.1.  The  value  1 
that  follows  the  count  operator  specifies 
that  bit  l of  port  1 will  be  counted,  and 
the  1 00  specifies  that  the  port  will  be 
read  for  100  * 5 milliseconds  or  half 
second.  The  variable  aneml  is  used  to 
store  the  last  state  of  port  1 .1  and 
adjust  the  anemometer  count 
accordingly. 

When  !s  = 0,  one  minute  has  gone 
by  and  a series  of  output!  sj  instructions 
are  then  used  to  write  the  averaged 
data  to  a special  output  string  in  a 
formatted  manner.  In  ALEC,  formatted 
outputs  can  be  directed  to  the  console, 
the  auxiliary  serial  port,  a serial  printer 
port,  a user  defined  driver,  or  a 


dedicated  output  string  which  is  designated  $o  (the  o is 
for  output).  As  a general  rule,  it's  a good  idea  to  write  to 
the  output  string  before  writing  to  the  USB  device 
because  it  gives  you  the  option  to  easily  display  the 
out  pul  string  to  the  console  device  with  a simple  output 
$o  instruction.  This  is  great  for  facilitating  code  debugging. 

The  usmgf ##.##)  directive  determines  how  many  digits 
to  the  left  and  to  the  right  of  the  decimal  point  will  be 
written.  Finally,  the  [write  Jo]  instruction  writes  the  output 
string  to  the  USB  device.  A test  loop  is  then  inserted  to 
make  sure  that  fs  is  no  longer  equal  to  zero,  and  then  the 
last  instruction  \while  (bat  > 5.9)\  repeats  the  entire 
process  as  long  as  the  battery  voltage  remains  above  5.9 
volts.  By  the  way,  without  comments  the  entire  code  is 
less  than  720  bytes  in  length. 

Figure  3 shows  a couple  of  segments  of  the  actual 
output  of  the  data.txt  file.  The  first  segment  was  taken  just 
as  the  sun  was  rising  so  the  un-calibrated  light  value  starts 
to  increase.  The  next  few  samples  were  taken  a few  hours 
later  when  there  was  a very  slight  breeze.  Note  four  things 
about  this  data:  1 ) The  air  temperature  is  not  really  the  air 
temperature  because  while  this  segment  was  being 
measured,  1 had  the  LM34  directly  exposed  to  the  sun;  2) 
Because  of  thermal  mass,  the  soil  temperature  is  a little 
out  of  phase  with  air  temperature  (the  LM34  was  placed 
in  a baggie  and  buried  about  four  inches)  and  does  not 
vary  as  much  as  the  air  temperature;  3)  The  battery 
voltage  in  the  last  segment  is  in  full  charge;  4)  There  is  no 
calibration  for  brightness. 

Also,  note  that  the  data.txt  file  is  a pure  ASCII  text  file 
and  can  be  read  by  any  text  editor  or  other  software  that 
accepts  CSV  (comma  separated  values)  formatted  data.  If 


FIGURE  3. 
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The  RDATE  and  RTIME  registers  integrated  into  the  ALEC  operating  environment  represent  the  date 
and  time  in  the  same  format  as  the  FAT32  file  system.  Because  only  five  bits  are  allocated  to 
seconds,  the  time  resolution  Of  the  RTIME  register  is  two  seconds.  Also,  in  this  format,  the  year 
1980  is  assumed  to  be  the  year  where  all  seven  bits  allocated  to  the  year  are  zero. Thus,  the  next 
Y2K  will  be  2108,  and  if  you're  reading  this,  you  won't  have  to  worry  about  it. 

FIGURE  4. 

you  examine  the  series  of  outputs]  instructions,  you  will 
note  that  two  internal  system  variables  appear.  They  are 
relate  (real  time  dock  date)  and  rtime  (real  time  clock 
time).  These  16-bit  variables  are  the  FAT32  file  format 
representation  of  the  date  and  time.  Figure  4 presents  the 
details  of  this  format.  If  one  desires,  the  rdate  and  rtime 
variables  can  be  used  to  create  filenames  that  denote  a 
specific  date  or  time.  For  example,  the  following 
sequence: 

output [s]  using (s,  hi),  "d",  rdate,  ".txt" 
openw  $o 

will  create  the  filename  dOxnnnn.txt,  where  nnnn  is  the 
hex  FAT32  file  format  for  date.  The  Ox  is  automatically 
inserted  to  designate  a hex  number.  The  sin  the  using 
directive  suppresses  all  leading  spaces  and  the  hi  forces 
the  output  of  rdate  to  be  four  hex  digits.  This  allows 
you  to  create  a different  filename  for  each  day  or 
specified  time. 

Load  And  Go 

The  Spectrum-ACE  2a  hardware  and  ALEC  make  it  a 


snap  to  load  programs, 
modify  them,  and  execute 
them  when  the  hardware  is 
powered  up.  After  the 
software  is  loaded  into  the 
system  RAM,  the  user 
simply  enters  the  command 
PROG,  What  the  PROG 
command  does  is  take  the 
current  program  that  is  in 
RAM  and  write  it  to  the 
processor's  internal  Flash 
memory.  After  that,  the  user 
must  enter  BOOT  2. 

ALEC  has  about  a half 
dozen  or  so  boot  options 
and  BOOT  2 saves  the 
current  serial  port  baud  rate 
and  directs  the  system  to  start  executing  the  program  in 
Flash  memory  after  reset.  Other  boot  options  allow  one  to 
load  programs  from  the  thumb  drive  and  execute  them 
from  reset.  Anyway,  it's  easy  to  directly  launch  programs 
from  reset  without  a user  console  device  attached  to  the 
system. 

Simple  Power  Savings 

Running  the  software  as  shown,  the  unit  draws  about 
145  milliamps,  which  is  about  .87  (six  volts  x .145  amps) 
watts  from  the  battery.  Thus,  a few  hours  of  sunlight  a day 
on  the  five  watt  solar  panel  should  be  able  to  keep  the 
seven  amp-hour  battery  fully  charged.  In  fact,  a fully 
charged  battery  should  be  able  to  power  the  unit  for 
about  two  days  (seven  amp-hrs/.145  amps  = 48.2  hours) 
without  any  additional  charging. 

With  one  simple  instruction  (05C  7),  the  current  draw 
can  be  reduced  to  about  85  milliamps.  What  the  05C  1 
instruction  does  is  reduce  the  operating  frequency  of  the 
processor  from  29.4912  MHz  to  7.3728  MHz.  In  this 
application,  reducing  the  frequency  has  virtually  no  effect 
except  to  reduce  the  power  consumption.  When 
operating  in  the  05C  7 mode,  a fully  charged  battery 

should  be  able  to  power  the  unit 
for  over  three  days  (seven  amp- 
hrs/.085  amps  = 82.3  hours).  The 
05C  7 instruction  should  be  placed 
early  in  the  code  before  or  after 
the  a 7c/  initialization.  There  are 
other  oscillator  options  that  could 
be  explored  to  further  reduce 
power  consumption,  but  they  are 
beyond  the  scope  of  this  article. 

But  Wait  ••• 

There’s  Here 


Okay,  in  the  end  we  have  a 
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bunch  of  your  favorite  hard  earned  data  on  a 
USB  thumb  drive.  We  could  take  it  over  to  a 
F5C  and  read  it  into  Notepad,  Word,  Excel,  or 
whatever,  and  be  done  with  it ...  Boring! 
C'mon,  don't  you  spend  enough  time 
looking  at  your  monitor?  This  project  is 
meant  to  be  useful  and  fun!  We  don't  want 
to  turn  our  data  over  to  the  man  in  the  PC! 
We  gotta  shoot  for  higher  ground! 

Fortunately,  the  Spectrum-ACE  2a 
system  directly  supports  VGA  graphics 
devices  based  on  the  Solomon  Systech 
SSD1963  controller,  as  well  as  other  display 
devices.  The  supported  color  displays  can  be 
either  640x480  or  widescreen  at  800x480. 
The  one  we  used  was  from  New  Haven 
Displays  International.  ALEC  also  supports  an 
optional  touch  screen  controller  for  either  of 
these  displays.  Unfortunately,  we  couldn't 
get  an  800x480  display  in  time  for  this 
article,  so  we  settled  for  the  smaller  one. 

At  one  end  of  the  ACE  2a  board  are  two 
rows  of  10  pads  on  1/10  inch  centers.  These 
20  pins  provide  control  signals  and  buffered 
data  lines  that  are  designed  to  interface  to 
the  various  displays  supported  by  the 
system.  Photo  3 shows  the  display  attached 
to  a system. 

The  base  software  to  open  a file  on  the 
thumb  drive  and  write  data  to  the  display  is 
even  simpler  than  reading  the  sensors  and 
writing  the  data  to  the  thumb  drive.  For  the 
purpose  of  illustration,  we  will  keep  things  as 
simple  as  possible  and  only  display  the  two 
temperature  values  and  only  display  raw 
data.  No  time  averaging  or  scaling  wilt  be 
performed.  The  complete  software  is  shown 
in  Figure  5. 

All  instructions  up  to  the  do  instruction 
are  simply  positioning  the  cursor  (the  P after 
glcdout  denotes  position)  and  writing  the 
coordinate  values  (the  o after  glcdout 
denotes  origin;  the  location  where  the  dot 
will  be  placed).  The  instructions  inside  the 
do-while  loop  read  the  data  from  the  thumb 
drive,  calculate  the  appropriate  position  for 
the  display,  and  place  a red  or  green  clot  to 
graph  the  data  point. 

The  instructions  following  the  while  close 
the  open  USB  file  and  then  position  the 
cursor  in  the  upper  right-hand  corner  of  the 
display.  The  glcdout  etime  instruction  writes 
the  internal  variable  etime  to  the  display.  This 
variable  keeps  tracks  of  the  execution  time  of 
a program  to  the  nearest  five  milliseconds,  As 
you  can  see  in  Photo  4,  it  took  about  1 .84 
seconds  to  execute  the  entire  program. 


setio  u, OxfaOO 

;$et  USB  address  and  Initialize 

setio  g, Oxf 000 

;Set  Graphics  address 

setglcd  i 

; initialize  the  graphics  display 

setglcd  c 

; Clear  the  display 

setglcd  bf (63, 63, 63) 

;set  base  for ground  color  to  white 

setglcd  p ( 0 , IS) 

,-Position  Cursor  (X,  Y) 

glcdout  "0 
setglcd  p (0, 118) 
glcdout  "50 
setglcd  p(0,218) 
glcdout  "100 
setglcd  p (0,258) 
glcdout  "0 
setglcd  p (0,358) 

; Then  write  the  display  markers 

glcdout  "50 
setglcd  p (0,458) 
glcdout  "100  - " 
setglcd  p £60, 18) 
glcdout  "OH" 
setglcd  p (180, 18) 
glcdout  "2H" 
setglcd  p (300, 18) 
glcdout  "4H" 
setglcd  p (420, 18) 
glcdout  "6H" 
setglcd  p (540, 18) 
glcdout  "8H" 
setglcd  p (240, 50) 

FIGURES. 

The  entire  program 
needed  to  read  two  data 
elements  from  a USB 
thumb  drive  and  plot  the 
data  on  a 640x480 
LCD  display. 

glcdout  "Air  Temperature" 

setglcd  p ( 2 4 0 , 2 9 0 ) 

glcdout  "Soil  Temperature" 

openr  "data.txt" 

;Qpen  the  file  for  reading 

i = 60 

; start  graph  60  pixels  to  the  right 

do 

; loop  & read  the  file 

readf  tl,  t2,  bat, 
out_count 

light,  udate,  utime,  wind_speed, 

setglcd  bg(63,0,0) 

;set  graph  color  to  red 

setglcd  o(i,  tl*2) 

, 'Place  a dot  at  (x,Y) 

setglcd  bg (0, 63 , 0) 

;set  graph  color  to  green 

setglcd  o(i,  240  + 

t2*2)  ; Place  a dot  at  (x,Y) 

setglcd  bg£0,0,63) 

/set  graph  color  to  blue 

setglcd  o(i,  240) 

; Place  a dot  at  (x/Y) 

While  (++i  < 640) 

; loop 

close 

setglcd  p (580, 478) 
glcdout  etime 
end 

100  - 

1.0* 

50  - 

Soil  Temperature 

0 - 

100  - 
50  * 

Pir  Temperature 

PHOTO  4. 

0 - 0H 

2H  iH  6H 

8H 
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PARTS  LIST 

ITEM 

QTY 

DESCRIPTION 

Base  Board 

1 

Spectrum  Proto  "E" 

Battery 

1 

6 volt  7 amp  Gel  Cell 

LDR  Resistor 

1 

VT43N! 

Processor  Module 

1 

Spectrum-ACE  2a 

Solar  Panel 

1 

5 watt  - 6 volt 

Temperature  Sensor 

2 

LM34 

TFT  Display 

1 

N H D-5 .7640480 WF-CTXL#-T 

(New  Haven  Displays} 

Voltage  Regulator 

1 

LT1085CT 

USB  Module 

1 

FTDI VDIP1 

The  Spectrum-ACE  2 a board  coupled 
with  whatever  collection  of  sensors  you  need 
makes  a cost-effective  and  versatile  data 
acquisition/monitoring  system.  The  software 
presented  here  was  indeed  rudimentary  and 
designed  to  demonstrate  how  easy  it  is  to 
gather  data  and  save  it  to  a USB  thumb  drive. 
With  the  addition  of  a battery,  a solar  panel, 
and  a voltage  regulator,  a completely  self- 
contained  unit  can  be  located  almost 
anywhere  — where  the  sun  shines  for  a few 
hours  a day, 

Any  analog  data  with  the  appropriate 
ranging  can  be  acquired,  and  if  desired, 
displayed.  As  another  example,  Photo  5 
shows  the  voltage  over  time  of  a lithium, 
alkaline,  and  carbon  zinc  AA  battery  when 
loaded  with  a 24  ohm  resistor  for  10  hours. 

We  realize  that  numerous  hardware  and 
software  enhancements  would  most  likely  need  to 
be  employed  in  many  designs.  Hardware  refinements 
such  as  a more  sophisticated  battery  charger  circuit, 
faster  and  more  accurate  A-to-D  converters,  and 
front-end  amplifiers  for  some  sensors  would  probably 
be  required.  The  software  possibilities  are  nearly 
limitless.  Data  averaging,  data  integration,  data 
correlation  with  least  squares  fitting,  variable 
sampling  times,  and  the  logging  of  local  minimums 
and  maxi  mu  ms  could  be  implemented  to  ultimately 
present  more  refined  data  to  the  user. 

In  the  end,  you  have  a very  sophisticated 
electronic  strip-chart  recorder  at  a fraction  of  the 
price,  and  no  paper  to  buy!  NV 
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DC  POWER  SUPPLIES 

MODEL  HY3003  - DIGITAL  DISPLAY 

Variable  output,  0-30  VDC , 0-3  Amp  S95M 

MODEL  HY3003-3-  TRIPLE  OUTPUT 

Two  0-30  VGCt  0-3  Amp  variable  outputs  £18400  ? 


plus  5V  3A  fixed.  Digital  Display. 


V- 


DIGITAL  MULTIMETER 

32  Ranges  - 3 Vz  Digit 
MODEL  MY-64  $33^ 

AC/DC  Volt/Current,  Res.  Cap., 
Frequency.  Rubber  Holster  Included 


1 Q 

10+ 

,85 

-1 

POTENTIOMETERS 

1-9 

10-99 

100+ 

13 

.90 

<1 

Cermet  (STS  Series} 

85c 

75c 

65C 

Multiturn  {MTT  Series} 

85c 

75c 

55c 

1 40 

1 .20 
jt  ft  P- 

Panel  Mount  {PMA  Series) 

SI. 15 

30c 

70C 

SI  .55 

1 .35 

Standard  Values  Available 

Weller®  SOLDERING  STATION 

#7  BEST  SELLING  $3999 
STATION  **  J 

MODEL  WLC  100 
0603WLC100 


ALLIGATOR  LEADS 

SET  OF  10  $350 


SOUND  SENSOR  CAR 

REQUIRES  SOLDERING 

Reverses 
direction 
whenever  it 

detects  noise,.  — -v  . 

S995 

m2  mi 


or  touches  an 
obstacle. 


ROTARY  TOOL  KIT. 


$3595 


Variable  speed  tool  (37.000 
RPM)  with  accessory  hit  in  a 
hard  plastic  carry  case. 

moRioi 


R5R-w — H 
3-WIRE  IRON 

$050509 


GH  PERFORMANCE 
S05O 


SC50 

w10* 


RSR^;—  DIGITAL 
MULTIMETER 

SUPER 
ECONOMY 
MODEL  820B 

1-9 S7.50 

#QWM82GB 


MORE 
Low-Priced 
Items  In  Our  93 


FREE 

350+ Page 
Catalog 


fff  ■ in* 


TERMS:  Mm,  $20  + shipping.  School  Purchase  Orders,  VISA/  V/C,  Money  Order  Prepaid,  NO  PERSONAL  CHECKS,  NO  COO.  NJ  Residents;  Add  7%  Sates  Tax. 


In  NJ:  732-381-8020 
FAX:  732-381-1006 


900  Hart  St  * Rahway,  NJ  07065 

800*972-2225 


http://www.elexp.com 
email:  etectron@elexp.com 


36  NUTS  S VOLTS  July  2011 


AP  CIRCUITS 

PCB  Fabrication  Since  1984 


Two  Boards 
Two  Layers 
Two  Masks 
One  Legend 

Unmasked  boards  ship  next  day! 


As  low  as... 


0.9! 


each! 


www.apcircuits.com 


VISA 


tpC  MEMBER 


^ic.  rwvir.i  .NLUSHN-tn- 


mcgillswarehouse  www.uu77.com 


No  order  minimum  and  volume 
discounts  for  wholesalers. 


Digital 
Multimeters 


Qualify  products  at  low  prices. 


Large  selection  and 
best  pricing  on  Light, 
Sound,  Temperature, 
Humidity,  Gas,  Electric, 
Wind  and  Pressure  Meters 


www.uu77.com 

PURCHASE  OF  $20  OR  MORE 


ENTER  COUPON  CODE  DMM5  at  checkout 


CU-U  Svnc  Serial  VFD  Module  h,,p:"<->™ 


Popular  LCD 
*14  wires  for  parallel 
CU-U  VFD  module 
• 5 wires  for  sync  serial 
3 wires  for  communication 
2 for  power 


CU-U  VFD  module* 

* 4 bit  / 8 bit  parallel 
and  serial  interface. 

• Code  library  and 

How  to  Guide  available. 


*CU-U  VFD  module  ending  with: 

• -Wxx  (Parallel) 

• -UWxx  (Parallel  and  Serial) 

• -UXxx  (Parallel  and  Serial) 


Advantages  of  VFD  technology 

* Emissive  bright  display. 

* Fine  pitch  and  easy  to  read. 

* Wide  viewing  angle. 

* Wide  operating  temperature. 

* Quick  response. 


mw  ■ 


Star  Bright 


if  ran 

The  brighter  side  of  electronics 

Noritake  Co.,  Inc. 
2635  Clearbrook  Drive  Arlington  Heights,  IL  60005 


HOST 


serial  interface 

5 WIRES  TO  OPERATE 


CU-U* 
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HOW  I SCRATCH-BUILT 
A FIVE  FOOT  L0N6 
RADIO-CONTROLLED 


By  Michael  Wernecke 


Are  you  thinking  about  building  a DIY  project  that  requires  using  a complex 
electro-mechanical  system*  but  you  have  limited  electro-mechanical  building 
experience?  Well,  you  don't  need  an  engineering  degree  to  succeed  with  your 
project.  In  this  article,  I'll  give  you  some  common  sense  approaches  to 
maximizing  your  radio  control  system  and  dealing  with  electrical  issues.  I’m 
hoping  I can  empower  you  to  begin  your  project  while  sharing  with  you  some  of 
the  electro-mechanical  problems  I solved.  My  submarine  had  issues  unique  to  a 
submersible  project;  however,  I solved  many  of  these  unknowns  — like  air  tank 
design  and  air  compressor  engineering.  Many  of  my  building  issues  were  the 
same  as  those  which  any  electro-mechanical  project  might  have.  I would  always 
go  to  the  electrical  supply  store  and  ask  questions. 
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The  Air  Compressor 

The  air  compressor  in  Figure  T is  the  key  feature  of  this 
system,  Using  an  onboard  air  compressor  allows  the 
submarine  to  surface,  add  compressed  air  to  the  holding 
tank,  and  submerge  again,  I removed  this  little  air 
compressor  from  a 1 2 volt  tire  inflator  system.  This 
compressor  was  designed  to  plug  into  your  automobile 
cigarette  lighter  which  should  be  connected  to  your  car  tire 
to  inflate  a flat  tire.  I cut  the  connecting  line  to  the  tire  to 
make  it  fit  into  the  small  work  space  within  the  seven  inch 
PVC  tube.  The  compressor  was  rated  at  250  PSI.  It 
compresses  to  about  90  PSI  in  my  holding  tank. 

This  12  volt  air  compressor  was  the  basis  for  my  using 
the  same  voltage  system  on  my  submarine,  although  there 
are  other  compressors  of  this  nature  which  would  work,  as 
well.  Figure  2 shows  the  compressor  installed  In  the  holding 
bracket,  I built  up  this  bracket/stabilizer  as  a cardboard  and 
wood  prototype.  Later,  I made  the  parts  out  of  aluminum 
and  had  them  anodized  to  protect  them  from  rust.  Figure  3 
shows  the  compressor  in  its  location  in  the  PVC  tube. 

Figure  4 shows  the  copper  tank  which  holds  the 
compressed  air,  and  a side  view  of  the  completed 
compressor  system. 

Compressed  Air-Holding  Tank 

The  purpose  of  the  holding  tank  is  to  keep  the 
compressed  air  in  a pressurized  state  until  it  is  needed  to 
blow  water  out  of  the  ballast  tank  to  surface  the  submarine. 
The  holding  tank  is  made  from  off-the-shelf,  one  inch  copper 
plumbing  tubing.  The  copper  tube  is  made  up  of  four 
things.  There  are  two  end-caps  soldered  in  place  and  a small 
brass  barb  fitting.  The  fourth  is  the  one  inch  copper  tube  to 
which  the  latter  is  attached  to  connect  air-tubing  passing  to 
a Clippard  valve  inside  the  compressor  chamber  to  release 
the  compressed  air  when  needed.  The  ballast  tank  and  the 
compressor  compartment  are  back-to-back  with  holes  to 
allow  the  passage  of  a pushrod  to  operate  the  ballast  tank 
and  an  air  release  port.  The  input  end  of  the  holding  tank 
holds  air  due  to  the  presence  of  a Schrader  valve  in  the 
brass-fitting  input.  The  input  in  Figure  4 is  the  end  of  the 
copper  tank  connecting  to  the  white  PVC  pipe, 

The  Schrader  valve  is  the  valve  in  a bicycle  or  car  tire,  I 
removed  a Schrader  valve  from  a bicycle  tire  and  burned 
the  rubber  off  of  it.  I threaded  a brass  fitting  to  fit  the 
Schrader  valve  and  valve  stem.  The  valve  required  silver 
soldering  with  MAPP  gas  to  seal  the  brass  fittings  into  the 
copper  tube.  Care  must  be  taken  when  doing  this  type  of 
silver  soldering.  Also,  the  Schrader  valve  must  be  unscrewed 
and  removed  before  the  soldering,  as  it  has  a rubber  seal 
built  into  it.  The  rubber  seal  on  the  valve  cannot  be 
damaged  by  the  heat  of  the  soldering  procedure.  If  the 
rubber  seal  is  damaged,  it  won't  seal  completely.  (The 
MAPP  gas  procedure  was  covered  in  Part  1 of  this  series.) 

To  test  the  copper  tank,  I used  a great  little  device 
with  the  strange  name  of  "manometer."  The  manometer  is 
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a battery-operated 
device  that  tests  air 
pressure.  I used  a 
compact  version  and 
connected  it  to  the 
tank  as  shown  in 
Figure  5.  The  air 
compressor  is  turned 
on  and  fills  the  tank 
while  the  manometer 
indicates  the  pressure 
accumulating  in  the 
tank.  When  the 
maximum  pressure  is 
reached,  the 
compressor  is  turned 
off;  this  is  when  I 
would  watch  the 
manometer.  If  the 
pressure  holding  tank 
holds  its  pressure,  the 
manometer  would  not  change  its  pressure  reading. 

I encountered  problems  with  this  simple  little  tank.  One 
issue  was  having  to  learn  to  use  the  MAPP  gas  system 
which  had  some  backward  type  functions.  Also,  J 
unknowingly  damaged  the  seat  of  the  Schrader  valve  by 
overheating  the  seat  area.  This  was  while  I was  silver 
soldering  it,  and  thus,  I had  to  re-make  the  tank.  The  new 
tank  turned  out  to  be  a good  thing  because  I made  it  larger. 
The  second  tank  worked  fine.  Figure  4 actually  shows  the 
completed  air-compressor  system  with  the  air-release  valve 
to  the  upper  left.  (Yes,  those  are  LEGO  pieces.)  This  device 
became  a prototype  in  itself,  and  ] left  it  at  that.  That  valve 
tip  is  made  of  the  mold  compound  I used  to  cast  the 
rudders  and  hatches.  There  is  a servo  connected  to  the  air- 
compressor  bracket  which  activates  the  LEGO  arm  via  a 
bulkhead  seal.  This  valve  will  open  a small  hole  in  the  top  of 
the  ballast  tank  to  allow  air  to  escape,  and  permit  water  to 
enter  at  the  bottom  of  the  tank  and  submerge  the  sub. 

Figure  6 shows  the  rear  view  of  the  air-compressor 
chamber  with  the  two  yellow  Clippard  valves.  The  Clippard 
valve  on  the  right  allows  air  to  enter  the  chamber  when  the 
air-compressor  is  activated.  The  Clippard  valve  on  the  left 
holds  back  the  compressed  air  in  the  compressed  air 
holding  tank,  and  releases  the  air  to  blow  water  from  the 
ballast  tank,  allowing  the  submarine  to  surface.  Here,  I 
learned  a lesson  regarding  wire  gauge.  During  my  testing  of 
the  compressed  holding  tank,  I found  that  the  air 
compressor  would  stop  running  before  the  tank  had 
reached  full  capacity.  The  problem  was  that  the  thickness 
(gauge)  of  the  wire  going  from  bulkhead  to  bulkhead  was 
too  thin.  The  compressor  worked  until  it  had  too  much  built- 
up  pressure  for  the  air-compressor  to  handle.  The  air- 
compressor  motor  couldn't  draw  enough  amps  through  the 
thin  wire  to  continue  operating.  Adding  thicker  wires  solved 
the  problem  of  the  motor  stalling.  Figure  7 shows  the 
completed  PVC  tanks,  while  Figure  8 shows  the 
servo/micro  switch  connections  that  activate  the  air- 
compressor  and  Clippard  ballast  blow  valve. 
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Speed  Control 

The  speed  control  presented  a unique  dilemma  and 
caused  issues  that  were  difficult  to  figure  out,  I have  used  a 
very  nice  Msonik  reversible  speed  control  in  the  past  and 
had  great  plans  for  it  on  this  new  project*  The  ol'  reliable 
Msonik  1 5 amp  1 2 volt  speed  control  burned  out.  Here's 
where  the  large  and  the  beautiful  12  volt  Pittman  motor 
came  into  play.  1 had  another  speed  control  from  a former 
project  and  decided  to  try  it,  1 figured  out  that  the  large 
Pittman  motor  was  drawing  too  much  amperage  and  would 
slowly  burn  out  the  low  amperage  Msonic  speed  control.  A 
speed  control,  after  all,  Is  a form  of  radio-controlled  variable 
resistor  and  will  not  allow  an  unlimited  amount  of  amperage 
to  pass  through  it.  The  large  Pittman  motor  drew  too  much 
amperage.  The  larger  speed  control  was  rated  at  33  amps 
and  worked  fine.  The  larger  speed  control  didn't  have  a 
reverse  function,  however,  I needed  to  create  one.  I had  no 
budget  for  this,  so  I figured  I could  use  a relay  to  reverse  the 
motor, 

I bought  a 1 0-pin  heavy-duty  spade  terminal  relay 
known  as  the  "ice  cube"  (see  Figure  9)  from  the  local 
electronics  supply  store.  I crossed  the  leads  to  the  movable 
relay  flipper  so  when  the  relay  is  switched,  it  would  reverse 
the  polarity  leading  to  the  motor,  thus  reversing  the  motor 
rotation  direction.  The  motor  reversing  servo  is  depicted  in 
Figure  TO.  This  works  so  well  that  in  operation  ri  can  be 
switched,  and  instantly  the  motor  reverses.  The  voltage  was 
still  12  volts  but  the  amperage  push  needed  was  much 
greater  than  the  small  electric  motors  I used  before.  The 
speed  control  — as  well  as  the  receiver  and  compressor 
switches  — is  located  in  the  small  electrical  chamber  in 
Figure  It*  The  motor  reversing  relay  is  located  in  the  ship's 
bow  due  to  lack  of  space  in  the  central  electrical  box. 

Figure  12  shows  the  relay's  water-tight  chamber  in  the  bow; 
Figure  13  displays  some  work  in  progress  details. 

Potting  Procedure 

Anytime  someone  constructs  an  electrical  device  or 
electrical  wiring  into  a system  where  it  will  be  exposed  to  a 
lot  of  water  or  wetness,  the  electrical  components  need  to 
be  sealed.  This  process  is  called  potting.  There  are  a Jot  of 
potting  compounds.  To  seal  off  the  ends  of  the  bulkheads 
(which  are  the  connecting  points  of  my  electrical  wiring),  i 
used  a potting  compound  recommended  by  and  obtained 
from  a company  called  Epoxies,  Etc.  The  black  liquid  seen  in 
Figure  14  is  the  first  step  in  the  potting  procedure  of  the 
electrical  box  at  the  hull  center  which  contains  the  speed 
control  and  receiver.  I poured  in  a small  amount  first  to  see 
if  my  protective  fencing  leaked  or  not*  Figure  15  shows  the 
completed  potting  process. 

Radio  Transmitter  Power  Pack 

My  submarine  has  a very  nice  1 2 volt  battery  similar  to 
a small  motorcycle  battery.  This  can  run  the  low  wattage 
components  for  a long  time.  The  transmitter,  however,  has  a 
very  small  nine  volt  battery  in  it  and  has  a short  life  span. 
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However,  I had  a revelation  one  day  to  use  a 1 2 volt  battery 
to  also  power  my  transmitter  I wired  the  12  volt  battery  into 
my  transmitter  with  a transformer  to  step  down  the  voltage 
to  match  the  nine  volt  system  in  the  transmitter. 

On  a visit  to  my  local  electrical  supply  store/  I 
discovered  they  had  a power  pack  with  an  adjustable 
regulator  on  it  that  was  just  what  I needed.  I hacked  my 
radio  transmitter  by  cutting  off  the  electrical  cord  to  ihe 
battery  and  constructed  a plug  which  connected  to  the 
power  pack.  Figure  16  shows  my  solution  to  the  transmitter 
problem  and  the  rechargeable  power  pack. 

The  funny  little  plugs  that  connect  the  transmitter  to  the 
power  pack  were  cast  in  hard  urethane  plastic  like  the 
rudders.  My  estimate  is  that  this  system  upgrades  the 
transmitter  reserve  power  to  1,000%.  Another  feature  you 
might  like  is  the  fiber  optic  onboard  battery  capacity 
indicator. 

Fiber  Optic  Indicator 

I had  to  know  the  charge  level  in  the  submarine 
battery.  I found  a printed  circuit  board  designed  to 
indicate  with  three  colored  LEDS  (light  emitting  diodes) 
the  charge  level  in  a 1 2 volt  battery.  This  small  board  has  a 
red,  yellow,  and  green  LED  which  I connected  to  some 
fiber  optic  lines  to  the  sail  top  to  enable  me  to  see  the 
charge  level  by  bringing  the  sub  close  by  to  check  it. 

Figure  17  shows  the  underside  of  the  sail  and  the 
encapsulated  indicator  chip  super-glued  to  the  underside 
of  the  sail.  The  chip  itself  is  at  the  left  for  reference  only. 
The  fiber  optic  lines  exit  the  top  of  the  sail  as  seen  in 
Figure  18.  I cast  the  chip  into  hard  urethane  plastic  to  seal 
it  from  moisture.  (Had  1 known  about  the  potting 
compound  I talked  about  earlier,  I would  have  used  it  in 
this  application.) 

Water  Sensor 

To  detect  the  presence  of  water  in  the  air  compressor 
chamber,  I made  a very  basic  water  sensor.  This  is  simply 
two  electric  lines  held  at  an  established  distance  from  one 
another,  then  connected  to  the  1 2 volt  battery.  This  sensor 
sits  near  the  bottom  of  the  water-tight  chamber  housing 


the  air  compressor.  The  water  sensor  LED  leads  to  another 
fiber  optic  line  to  the  sail  exterior. 

Electrical  Schematic 

The  electrical  schematic  in  Figure  19  gives  you  an  idea 
of  the  real  over-all  complexity  of  the  system,  and  what  I had 
to  deal  with  when  one  function  or  another  wasn't  working. 
This  overall  electrical  configuration  followed  a simple  rule; 

"If  it  works,  it  works."  t designed  this  system  on-the-fly  and 
drew  it  up  later. 

Conclusion 

The  sub  went  through  final  setup  in  a home-built  test 
tank  located  in  the  basement.  This  required  many  hours 
balancing  the  final  configuration  with  lead  and  closed-cel! 
foam.  Eventually,  I perfected  the  submarine's  balance  by 
forward  and  reverse  movement  until  the  lower  rudder 
wouldn't  touch  the  bottom  of  the  shallow  test  tank. 

For  10  years  I worked  and  moved  forward  each  day 
with  this  project.  There  are  times  1 look  at  it  and  wonder 
whether  I should  attempt  to  make  some  improvements  or 
do  some  changes  here  or  there.  However,  I look  at  It  with 
pride.  My  submarine  now  maneuvers  on  the  clear  waters  of 
Japan,  England,  and  France.  How  much  further  it  will  travel, 
only  time  and  my  imagination  will  tell.  NV 


If  you  would  like  to  correspond  with  me  regarding  this 
submarine  build,  you  can  contact  me  at 
ocea  n_tech  04@ya  hoo.com. 
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BUILD  A SORTING 
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II 


By  Ron  Newton 


As  l mentioned,  this  is  a very  simple  project  for  those 
who  want  to  learn  to  solder  or  are  interested  in  using 
microprocessors  and  how  they  function.  No  special  tools 
are  needed  except  for  a small  tip  soldering  iron.  It  has  no 
box  as  it  stands  alone,  therefore  there  is  no  drilling.  If  you 
want  to  change  the  programming,  you  will  need  a 
Microchip  PIC  II  programmer  ($34.95; 
www.mfcrochip.com).  Better  yet,  go  to  the  Nuts  & Volts 
store  and  purchase  their  PICkit  2 starter  kit  for  $49.95.  It 
comes  with  a board  that  will  teach  you  additional 
programming  techniques  {www.nutsvolts.com). 

The  main  point  of  this  article  is  to  teach  the  novice 
about  displays  and  multiplexing. 

What  It  Does 

This  project  has  five  counting  buttons  for  sorting  and 
tallying.  One  mode  button  (blue)  Is  for  changing  from 
differential  to  hand  tallies  and  one  button  {red)  is  for 
clearing  the  results.  When  using  the  soi  ling  function,  il  will 
count  100  items  displaying  the  numbers,  sound  an  alarm 
at  100,  and  then  it  will  display  the  percentage  of  each 
button  when  you  push  the  sorting  buttons. 

When  using  the  hand  tally,  it  has  three  buttons  which 
will  tally  the  counts.  The  first  button  advances  the  count 
by  one.  The  second  button  will  count  in  batches  of  three. 


If  you  ever  visited  a 
medical  laboratory  25 
years  ago,  you  would 
have  probably  found  a 
med  tech  looking 
through  a microscope, 
using  a hand  tally 
counter  calculating 
white  cells,  red  cells,  or 
platelets.  Or,  they  might 
have  been  using  a 
sorting  counter  for 
differentiating  white 
ceils.  Nowadays  in 
America,  most  of  this 
work  is  done  using  automated  equipment. 
In  developing  third  world  countries,  they 
still  use  the  old  method.  Hand  tally 
counters  cost  $40  and  sorting  counters 
run  about  $600. 


I combined  both  devices  with  a parts  cost  of  $15  plus  the 
printed  circuit  board  (PCB).  This  is  a great  project  for  a 
beginner  or  sludcnt  because  it  will  get  you  started  in 
doing  soldering  and  interested  in  doing  programming. 
There  is  one  surface-mount  item  (battery  holder),  then 
everything  else  is  through  hole.  The  nice  thing  is  that  it 
will  fit  in  your  shirt  pocket. 

Sorting  counters  have  many  uses:  keeping  score; 
counting  parts;  counting  people,  e.g.,  classifying  their  sex, 
age,  etc.  It  is  just  a handy  gadget  to  have  on  hand.  Hand 
tally  counters  are  often  used  for  counting  people  at  events 
or  even  cars  on  the  road.  Instead  of  using  a sheet  of  paper 
and  marking  four  lines  and  a slash  showing  a count  of  five, 
you  just  push  the  button  (or  buttons).  The  sorting  counter 
allows  you  to  keep  a total,  plus  keep  track  of  specifics.  For 
example,  if  you  are  counting  VWs  on  the  road  and  want 
to  know  the  percentage  of  red,  blue,  yellow,  green,  and 
black  ones,  you  would  use  the  differential  counter. 
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Schematic. 


The  third  button  will  count  continuously  with  a pulse  rate 
of  five  counts  per  second  as  long  as  the  button  is  held 
down.  Pushing  the  reset  button  sets  the  counts  back  to 
zero.  The  LEDs  will  display  up  to  9,999  counts. 

If  no  input  is  detected  for  three  minutes,  the  LEDs 
shut  down  and  the  micro  will  go  to  sleep.  Pushing  I he 
reset  button  (red)  will  wake  it  up.  No  data  is  lost.  It  runs 
on  two  three  volt  CR2035  batteries. 

Construction 

Place  four  rubber  feet  on  each  corner  of  the  bottom 
side  of  the  board  to  prevent  scratching  the  traces.  Mount 
the  P1C16F726  with  its  pin  1 in  the  square  pad  labeled  1. 
You  can  program  the  micro  yourself  or  you  can  order  a 
pre-programmed  one  from  the  Nuts  & Volts  store.  (The 
micro  is  mounted  upside  down  with  pin  1 to  the  right.) 
Solder  all  the  pins  of  the  PIC.  Next,  solder  the  four  PNP 
transistors  with  their  flat  sides  pointing  toward  the  top  of 
the  hoard.  Solder  the  470  ohm,  eight  inline  resistors  above 
the  PIC.  Bend  the  leads  of  the  four  I OK  resistors  at  right 
angles,  place  them  in  their  respective  holes,  and  solder. 

Solder  the  transducer  and  Cl  noting  the  + going  to 
the  square  pads.  Solder  the  seven  switches  into  their 
holes.  The  five  brown  switches  are  inline  on  the  bottom. 
The  red  switch  goes  on  the  left  and  the  blue  switch  goes 
on  the  right  above  the  brown  switches.  (Take  a look  at  the 
photo.) 

Flood  solder  onto  the  round  circle  on  the  battery 
holder  to  make  a contact  for  the  negative  terminal  of  the 
battery.  Solder  the  battery  holder  with  its  opening  toward 
the  edge  of  the  board.  Solder  the  four  digit  LED.  The  six 
pads  will  remain  empty,  as  these  are  the  programming 
pads.  Clean  any  remaining  flux  and  solder  with  alcohol. 

Using  She  Unit 

Slide  two  CR2032  Lithium  three  volt  batteries  into  the 
holder.  The  positive  should  be  up.  Press  the  mode  button; 
the  decimal  of  the  one  digit  will  turn  on  and  off  indicating 


if  the  unit  is  in  the  tally  mode  or  differential  mode.  With 
the  differential  mode,  the  decimal  is  off.  A decimal 
indicates  the  tally  mode. 

Tally  Node 

Make  sure  the  decimal  is  on. 

1.  Press  the  first  button  (far  left  key);  the  counter  will 
count  once  for  each  push. 

2.  Press  the  second  button;  the  counter  will  count 
three  counts  for  each  push 

3.  Press  the  third  button;  the  counter  will  continue  at 
five  counts  per  second  as  long  as  the  key  is  pushed. 

The  counter  can  be  cleared  at  any  time  by  pressing 
the  reset  button. 

Differential  Node 

Turn  off  the  decimal  by  pushing  the  mode  switch. 

1.  Assign  the  buttons  to  what  you  want  to  sort. 

2.  Press  any  button.  The  counter  should  increase. 

3.  Press  any  other  button  and  the  counter  should 
increase. 

4.  When  the  counter  reaches  100,  the  alarm  will 
sound.  Pressing  the  buttons  will  no  longer  increase 
the  count. 

5.  Hold  down  any  button  and  it  will  display  that 
button's  percentage. 

Electronics 

The  P3C16F726  has  many  attributes.  It  has  a voltage 
range  of  1 .8-5.5  volts  (can  go  to  6.5V)  and  when  put  to 
sleep,  it  only  draws  20  nano-amps  (.00000002  amps).  It 
does  not  need  an  external  crystal  and  each  pin  can  sink  or 
source  25  milliamps.  it  even  has  14  analog-to-digital 
converters  (not  used  in  this  application),  1 2 interrupt 
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FIGURE  I. 
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capabilities,  plus  many  other  features. 

The  best  thing  1 like  about  the  PIC  F series  is  that  they 
can  be  programmed  over  and  over,  even  when  soldered  in 
a circuit.  To  program  the  chip,  use  a PICkit  2 and  plug  in  a 
six-pin  header  into  the  programmer.  Using  the  header, 
contact  the  six  programming  pads  next  to  the  battery  and 
program.11  (These  are  the  pads  next  to  the  battery.) 

The  switches  go  to  separate  pins  of  the  micro  which 
have  internal  pull-up  resistors.  This  eliminates  having  to 
place  external  pull-resistors  (which  I had  to  do  a few  years 
back).  When  pressed,  the  switches  take  the  inputs  to 
ground.  The  reset  pin  is  placed  on  a special  pin  that  is 
called  an  interrupt  pin. 

Multiplexing 

Let's  take  one  display  at  a time.  Displays  come  as 
common  anode  and  common  cathode.  Take  a look  at 
Figure  1.  With  a digital  display,  it  has  eight  segments  and 
sometimes  a decimal  or  colon.  If  you  are  using  a common 
anode,  all  the  segment  anodes  are  tied  together.  If  you 
place  the  positive  of  a battery  to  the  common  terminal 
and  touch  the  segment  cathode  to  negative  (via  a resistor 


PARTS  LIST 

ITEM 

OTV 

SOURCE 

Battery  holder  20  mm  coin  two  stack 

1 ea 

Memory  Protect  Devices 

Cl  10  pf 16V 

1 ea 

Feet  self  sticking  1/2" 

4 ea 

IC1  PIC1726-I/SP 

1 ea 

Opto  4-digit  common  anode 

1 ea 

Light  On,  Inc. 

Q1-Q4  PNP  PN29Q7 

4 ea 

R1-R8  470  ohm  resistor  network  isolated 

1 ea 

R9-R12  10K  1/8  watt  carbon 

4 ea 

Speaker  buzzer  2.73  kHz 

1 ea 

Soberton,  Inc. 

S1-S5  brown  momentary  NO  6 mm  tact 

5 ea 

S6  blue  momentary  NO  6 mm  tact 

1 ea 

S7  red  momentary  NO  6 mm  tact 

1 ea 

IC1  preprogrammed 
Board 

See  the  N&V website  for  Sorting  Parts  and  Source.xls. 

A complete  kit  to  go  with  this  article  can  he  | 
- purchased  online  from  the  Nuts  & Volts  Webstore  . 
* www.nutsvoltsxoin  * 

I or  call  our  order  desk  at  800-783-4624. 

to  limit  the  current),  it  will  light  that  segment.  With  a 
common  cathode,  all  the  segment  cathodes  are 
connected  together.  You  just  reverse  the  polarity  of  the 
power  to  the  chip.  With  the  sorting  unit,  1 chose  to  use  a 
common  anode.  No  particular  reason;  it  just  happened  to 
be  available.  Connect  the  positive  terminal  to  the 
common  anode  to  display  an  "8"  ground  to  all  the 
segments.  To  display  a "1,"  ground  cathodes  B and  C. 

There  are  four  digits  in  the  display  I used.  You  could 
use  a micro  or  several  micros  to  provide  eight  pins  for 
each  of  the  digits  and  tie  all  the  anodes  together,  but  this 
would  mean  you  would  need  64  pins  for  the  display 
alone!  What  if  we  tied  all  the  segments  as,  bs,  cs,  ds,  es, 
fs,  gs,  and  decimals  together,  and  separate  the  common 
anodes  from  each  digit?  This  would  only  require  eight  pins 
for  the  segments,  and  if  we  connected  the  four  anodes  to 
the  pins  to  the  micro  (via  a PNP  transistor  going  to  VCC), 
we  would  only  need  12  pins  instead  of  64. 

The  human  eye  cannot  detect  a flicker  above  50 
cycles  per  second  (50  Hz).  This  is  why  the  US  went  to  60 
Hz  in  the  1940s  from  50  Hz.  Europe  often  still  uses  50  Hz 
and  you  can  see  the  flicker  in  fluorescent  lights. 
(Incandescent  lights  don't  flicker  due  to  the  filament 
staying  hot.)  If  you  ground  a,  b,  c,  d,  and  g segments,  and 
turn  on  the  transistor,  it  will  display  a "3."  Turn  off  digit  1 
and  ground  a,  b,  and  c,  turn  on  its  transistor,  and  it  will 
display  a "7",  and  so  on.  If  this  is  done  at  a frequency 
above  50  Hz,  they  will  all  appear  to  be  on  at  the  same 
time.  The  PIC  runs  a 4 MHz,  so  this  is  not  a problem. 

Software 

Download  the  free  software  called  MPLAB  from 

Microchip.  Go  to  the  article  link  page 
and  open  the  Sorting. ASM  in  MPLAB. 
Make  sure  you  turn  on  the  line 
numbers.  You  always  have  to  keep  in 
mind  thal  most  micros  count  in 
hexadecimal  (base  of  16)  0,  1,  3,  4,  5, 

6,  7,  8,  9,  a,  b,  c,  d,  e,  f,  and  that  the 
displays  display  in  decimal  (base  of  10) 
0,  1,2,  3,  4,  5,  6,  7,  8,  9.  This  means 
that  the  hexadecimal  needs  to  be 
converted  to  decimal,  e.g.,  F = 15.  This 
is  done  by  a canned  program  I picked 
up  on  Microchip's  website.  (Why  re- 
invent the  wheel?) 

Line  595  starts  the  Display  section. 
All  the  digits  are  turned  oft. 

1 used  a look-up  table  for  the 
display  to  show  the  numbers.  Lines  602 
to  607  insure  that  a jump  to  the  look- 
up table  does  not  end  up  in  oblivion. 
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This  can  be  a problem  with  look-up  tables.  Let's  say  there 
is  a 3 in  the  ones  register  and  we  want  to  display  it.  Three 
is  loaded  into  the  "W"  register  (working  register)  and  then 
a call  is  made  to  the  look-up  table  called  "PATTERN."  Take 
a look  at  starting  line  733  — Pattern  is  the  name  of  the 
look-up  table.  The  AODWF  tells  the  PIC  to  add  the 
number  in  the  W register  to  the  Program  counter.  The 
remaining  10  lines  provide  the  inputs  and  outputs  for 
turning  on  the  segments;  0 = ground  and  1 = Vcc  to  the 
pins  going  to  the  LEDs.  W was  loaded  with  a 3;  3 + the 
program  counter  - line  739.  The  RETLW  returns  the  binary 
code  (B'OIOOIOI  V)  via  the  W register  and  places  the 
binary  code  into  PORTC  which  controls  the  LEDs.  Digit  1 
is  then  turned  on.  A delay  is  called  so  that  it  will  display 
for  a period  of  time,  then  digit  1 is  turned  off. 

The  program  does  the  same  thing  for  the  tens, 
hundreds,  and  thousands,  looking  up  each  number  that 
needs  to  be  displayed. 

Switch  Bounce 

If  you  are  not  familiar  with  microprocessors,  you 
probably  didn't  know  that  when  most  switches  and  relays 
are  turned  on,  their  contacts  bounce  on  and  off  several 
times,  This  is  normally  not  a problem.  However,  with  the 
PIC  running  at  four  million  times  a second,  it  will  count 


the  bounces.  Fortunately,  the  switches  in  this  project  give 
very  little  bounce.  However,  even  if  they  didn't  bounce, 
you  would  have  trouble  releasing  the  switch  to  the  off 
position  in  that  amount  of  time  and  would  probably  get  a 
count  of  several  thousand  before  it  turned  off.  If  you  take 
a look  at  the  five  lines  after  the  label  "START,"  you  will  see 
that  the  program  calls  for  a "DEROUNCE"  which  is  a 
timer  delay.  The  program  will  hold  until  the  switch  is  back 
in  the  off  position. 

Call  Versus  GOTO 

A call  is  a routine  that  is  used  quite  often.  Instead  of 
writing  the  "DEBOUNCE"  each  time,  you  just  call  it,  it 
does  its  function,  and  returns  to  the  next  step  after  the 
call.  'GOTO"  causes  the  program  to  jump  to  a section  of 
the  program  but  will  not  return.  It  is  often  used  after  a 
RTFSS  (Bit  Test  File  and  Skip  If  Set)  or  a BTF5C  (Bit  Test 
File  and  Skip  if  Clear)  to  perform  another  function.  The  $-1 
after  a GOTO  causes  the  program  to  go  back  one  step. 
You  can  use  $-5  to  go  back  five  steps.  Be  careful  though. 
Sometimes  if  won't  jump  back  to  the  right  place  if  you  are 
at  a page  break. 

For  more  information  on  labels  and  how  the  program 
works  see  "Hints  and  Tips"  on  the  N&V  website.  You 
know  you  can  count  on  that.  Nlf 


With  our  popular  Servo  Erector  Set  you  can 
easily  build  and  control  the  robot  of  your  dreams, 
Our  interchangeable  aluminum  brackets  make 
the  ultimate  precision  mechanical  assemblies. 
Our  Visual  Sequencer  for  SSC-32  provides 
powerful  PC,  Atom,  or  BS2  based  control. 

Visit  our  huge  website  to  see  our  complete  line  of 
aluminum  and  Lexan  based  robot  kits, 
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Programming 

CHIPINO  with 


In  previous  articles,  we  introduced 
our  CHIPINO  module  with  a pin- 
compatible  layout  to  the  popular 
Arduino  module  (but  ours  is  based 
on  the  Microchip  PIC).  We  also 
showed  previously  how  to  create 
your  own  shield.  Now,  we  want  to 
demonstrate  a C programming 
option  that  is  targeted  at  the 
beginner  using  the  CHIPINO 
module.  For  this  demonstration, 
we'll  show  how  easy  it  can  be  to 
control  a 2x16  LCD  character 
module  with  a single  command 
line  using  the  SimpleC  library 
Chuck  Hellebuyck  created  for  his 
book  Beginner's  Guide  to 
Embedded  C Programming  - 
Volume  3.  With  Chuck's 
permission,  we've  included  the 
SimpleC  files  with  the  CHIPINO 
documentation. 


A CHIPINO  Module  and  Starter  Kit  to  go  with  this 
article  can  be  purchased  online  from  the 
Nuts  & Volts  Webstore  at  www.nutsvolts.com 
or  call  our  order  desk  at  800-783-4624. 


To  demonstrate  the  simplicity  of  SimpleC.  we' I!  do 
an  LCD  project.  Any  SimpleC  project  requires  you 
to  include  the  simplec.c  library  file  and  the 
simplec.h  header  file,  plus  your  main.c  file  which 
are  all  based  on  the  Microchip  HI-TECH  C 
compiler  you  can  download  for  free  in  lite  mode.  Because 
all  the  heavy  lifting  is  done  in  the  simplecc  library  file,  the 
main.c  file  is  very  short. 

Hardware 

The  hardware  connections  for  the  LCD  are  defined  in 
the  stmplecl.l.h  file  using  the  PORTB  pins  which  are  pins 
8 through  13  on  the  CHIPINO.  These  six  pins  control  the 
E,  RS,  and  DB4-DB7  pins  of  the  LCD  module  which  is  all 
you  need  for  four-bit  mode  operation  — the  most  common 
LCD  control.  The  schematic  in  Figure  1 shows  the 
connections,  and  the  breadboard  layout  using  a CHIPINO 
module  is  in  Figure  2. 

The  Vo  pin  of  the  LCD  is  grounded,  which  gives 
maximum  contrast.  On  some  LCDs,  this  makes  it  tough  to 
read  so  you  may  want  to  add  a resistor  divider  or 
potentiometer  output  on  that  pin  so  you  can  adjust  the 
voltage  and  thus  the  contrast. 

Software 

Writing  ASCII  characters  to  the  LCD  is  useful  but 
more  often  you'll  probably  want  to  display  a full  message 
of  text.  Sending  each  individual  ASCII  character  could  do 
this  or  you  could  use  the  Icd_text  function  in  SimpleC. 

This  project  uses  that  function  to  display  a message  on  the 
first  and  second  line  of  the  2x16  LCD. 

/* 

This  project  creates  a message  on  a 2x16  LCD 
module  using  the  lcd_text { ) function. 

LCD 

PIN  1 - Grid 
PIN  2 - 5v 
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PIN 

3 - 

Gnd 

PIN 

4 - 

RB4/CHIPINO 

Pin  12 

(RS) 

PIN 

5 - 

Gnd 

PIN 

6 - 

RB5/CHIPINO 

Pin  13 

(EN) 

PIN 

7 - 

NC 

PIN 

8 - 

NC 

PIN 

9 - 

NC 

PIN 

10 

- NC 

PIN 

11 

- RBO/CHIPINO 

Pin  8 

(DB4 ) 

PIN 

12 

- RBI /CHI PINO 

Pin  9 

(DBS) 

PIN 

13 

- RB2/CHIPINO 

PinlQ 

(db6  } 

PIN 

14 

- RB3/CHIPINO 

Pinll 

(DB7) 

V 

# include  "simplecl . 1 . h" 


void  main(void) 

{ 

ini t_micro ( ) ? //  Initialize  I/O 
lcd_init();  //  Initialize  LCD  Display 

led_clear ( ) ; //  Clear  LCD  screen 

while  [!==!} 

C 


lcd_goto{0);  //  Select  first  line 

lcd_text { "Simple  C Makes") ; 

//  Display  Hello  World 


lcd_goto(0x40) ; //  Select  second  line 

lcd_text < "Programming  Easy" } ; 


pause  (1000) ? //  Delay  for  1 second  to 

//  read  display 


the  description  of  the  project.  Anything  placed  between 
the  /*  and  */  is  considered  a comment. 

/* 

This  project  creates  a message  on  a 2x16  LCD 
module  using  the  lcd„text()  function. 


LCD 

PIN 

1 - 

Gnd 

PIN 

2 - 

5v 

PIN 

3 - 

Gnd 

PIN 

4 - 

RB4/CHIPINO 

Pin  12 

(RS) 

PIN 

5 - 

Gnd 

PIN 

6 - 

RB5/CHIPINO 

Pin  13 

(EN) 

PIN 

7 - 

NC 

PIN 

8 - 

NC 

PIN 

9 - 

NC 

PIN 

10 

- NC 

PIN 

11 

- RBO/CHIPINO 

Pin  8 

(DB4) 

PIN 

12 

- RBI /CHI PINO 

Pin  9 

(DB5 ) 

PIN 

13 

- RB2/ CHI PINO 

PinlO 

[DB6 } 

PIN 

14 

- RB3/CHIPIN0 

Pinll 

(DB7 } 

*/ 

The  simpleel.l.h  file  is  included,  followed  by  the  main 
function. 

# include  "simpleel.l.h," 

void  main(void) 

{ 


} //End  While 
} / /End  Main 

How  it  Works 

The  software  header  describes  the  connections  and 


The  init_micro,  fcdjnit,  and  lcd_clear  SimpleC 
functions  are  next.  They  set  up  the  LCD  for  proper 
communication. 

init_micro ( ) ; //  Initialize  I/O 

lcd_init{);  //  Initialize  LCD  Display 

lcd_clear();  //  Clear  LCD  screen 
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FIGURE  1.  LED  SCHEMATIC. 


July  2011  NUTS  I VOLTS  49 


the  beginning  of  the  second  line. 


lcd_goto  (0x40 ) ,■  //  Select  second 

//  line 

Now,  the  lcd_text  function  is  used  to  write  the 
second  message,  which  is  "Programming  Easy/' 

1 cd_t ext  { "Programming  Easy"  ) ,- 

We  pause  a second  and  then  loop  back  to 
write  the  message  again. 


FIGURE  2.  CHIP1NO  MODULE  WITH  LCD. 


pause  (1000) ; 


//  Delay  for  1 
//  second,  to  read 
//  display 


The  while-loop  contains  the  main  code.  It  starts  off  by 
setting  the  LCD  to  position  zero. 

while  (1--1) 

{ 

lcd_goto{0) ; //  Select  first  line 

The  SimpleC  lcd„text  function  does  the  work  for  us. 
The  parameters  of  this  function  are  placed  between 
quotes  so  it  knows  this  is  a string.  Each  letter  is  then  sent 
as  an  ASCII  value  to  the  LCD  module.  This  displays  the 
message  "Simple  C Makes"  on  the  first  line  of  the  LCD. 

lcd_text ( "Simple  C Makes");  //  Display  Hello 

//  orld 

Now,  the  LCD  cursor  is  positioned  on  the  second  line 
with  a hex  value  of  40  as  the  parameter.  This  is  the  value 
for  the  beginning  of  the  second  line.  The  lcd_golo 
handles  the  code  that  indicates  this  is  a command 
character.  After  this  function  runs,  the  cursor  will  be  at 


} //End  While 
} //End  Main 

Conclusion 

This  was  just  a short  example  of  what  SimpleC  can 
do  to  make  C programming  easier  for  the  beginner.  If  you 
are  coming  from  the  Basic  compiler  world  and  moving  to 
C,  then  you  should  feel  right  at  home  with  this  method  of 
programming.  The  whole  point  of  this  was  to  show  the 
options  you  have  to  use  the  CHI  PI  NO  module  to  get 
something  running  in  a very  short  amount  of  time. 

We've  also  had  many  CHI  PI  NO  users  tell  us  they  like 
using  the  Cl  1 1 PI  NO  with  their  own  choice  of  compiler. 
The  CCS  C compiler  has  a lot  of  the  p re-written  functions 
in  it  that  make  programming  quite  easy,  as  well.  The 
CHI  PI  NO  can  work  with  any  compiler  that  produces  a 
.hex  file  for  the  PIC16F886,  This  includes  the  following 
compilers:  CCS  C,  mikro Basic,  mikroC  , mikroPascal, 

Great  Cow  BASIC,  PICBASIC  PRO,  PROTON  Basic, 

SourceBoost  C and  SourceBoost 
Basic,  just  to  name  a few.  Some 
CHIPINO  users  have  changed  the 
PIC16F886  to  a PIC18F25K22  and 
used  Microchips  Cl 8,  Swordfish 
Basic,  Amicus  BASIC,  and  more. 

If  you  have  any  other  unique 
uses  for  the  CHIPINO,  please 
forward  it  on  to  us  at 
support@chipaxe.com.  It's  designed 
to  be  an  open  source  platform  so 
you  can  use  any  compiler  you  want 
with  a common  hardware  setup. 
People  are  figuring  this  out,  so 
keep  the  ideas  rolling  in.  NV 
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Continued  from  page  9 


but  the  letter  R is  commonly  used  instead.  It  has  exactly 
the  same  meaning.  So,  a 470R  resistor  is  470  ohms.  In  fact , 
a range  of  capital  letters  is  widely  used  for  component 
values . The  reason  is  to  ensure  that  the  values  are  stated 
unambiguously  and  without  using  special  symbols. 

Another  way  in  which  the  letters  are  used  is  to 
represent  the  decimal  point  in  a value.  A capital  letter  is 
much  easier  to  see  and  less  likely  to  be  accidentally 
inserted  in  text.  So , for  example , a 4.7  kilohm  (4,700  ohm) 
resistor  may  6e  shown  as  4 K7  with  the  K indicating  that 
the  unit  is  Kilohms  and  its  position  in  the  value  between 
the  4 and  the  7 marking  the  decimal  point.  In  the  same 
way,  a L5  ohm  resistor  may  be  represented  as  IR5.  This 
notation  is  used  worldwide;  it  is  not  a British  peculiarity : 
Capacitance  values  are  widely  stated  in  microfarads , 
nanofarads,  and  picofarads.  One  nanofarad  (nF)  is  a 
thousandth  of  a microfarad.  One  picofarad  (pF)  is  one 
thousandth  of  a nanofarad.  In  the  same  way  as  for 
resistance,  capacitance  is  often  shown  using  the  letter  as  a 
decimal  point.  Thus,  a 0. 1 microfarad  capacitor  may  be 
shown  as  WOn,  meaning  100  nanofarads . Likewise,  a 2,200 
pF  one  may  appear  as  2n2 , meaning  22  nanofarads  or 
indeed  0.0022  microfarads. 

Headphones  with  an  impedance  of  300R  were 

Continued  on  page  17 
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ADVANCED  TECHNIQUES  FOR  DESIGN  ENGINEERS 


■ BY  FREDEADY 

FLASHFLY  SYSTEM  GETS 
STAMP  OF  APPROVAL 


Never  underestimate  the  power  of  a BASIC  Stamp.  The  first  Stamp  i ever  saw 
was  in  charge  of  a small  CNC  machine's  main  stepper  motor,  among  other 
things.  When  it  comes  to  proof  of  concept,  the  Stamp  excels.  I've  personally 
seen  Stamps  used  in  the  initial  production  of  scientific  instruments  that 
supported  ground  and  flight  hardware  used  in  the  spaceflight  program. 


The  BASIC  Stamp  appeals  to  both 
machinist  and  scientist  because  it 
is  easy  to  use.  The  Stamp  is  yet 
another  proof  that  can  be  applied  to 
Fred  Fady's  First  Rule  of  Embedded 
Computing.  The  Stamp  is  easy  to  use 
because  all  of  the  embedded  firmware 
and  hardware  work  has  already  been 
done  for  you.  Thus,  as  my  first 
embedded  computing  rule  states, 
"Nothing  is  free/'  However,  in  the  case 
of  the  Stamp,  you  didn't  have  to  pay. 

In  this  month's  Design  Cycle,  we 
are  going  to  expand  the  power  of  a 
BASIC  Stamp  2 using  a pair  of  XBee 
radios  and  an  extremely  clever  RF 
system.  The  XBee  radios  are  the  heart  of 
a system  that  enables  a Stamp-based 
computing  platform  to  operate 
beyond  the  wires.  This  wireless  layer  of 
a Stamp  application  is  called  FlashFly, 


FLASHFLY  101 


A typical  FlashFly  system  consists 
of  a BASIC  Stamp  module,  a FlashFly 
base  module,  and  a FlashFly  remote 
module.  If  the  FlashFly  remote  module 
is  not  in  the  form  of  a FlashFly  USB 
Slamp  adapter  module,  a FlashFly  R5-232  adapter  board 
may  be  part  of  the  FlashFly  system. 

FlashFly  modules  can  be  had  as  factory  assembled 
units  or  semi-kits.  In  my  opinion,  the  only  way  to  become 
and  remain  a good  soldering  technician  is  to  practice.  So, 
all  of  the  FlashFly  units  used  in  this  discussion  arrived  on 
the  Design  Cycle  bench  in  kit  form. 


Photo  2 is  a fly's  eye  view  of  a 
FlashFly  base  module  in  its  out-of-the- 
box  preassembled  form.  If  you  take  a 
moment  to  closely  examine  the 
hardware  in  Photo  2,  you'll  see  that 
an  FTDI  FT232RL  USB-to-UART  bridge 
IC  is  the  personal  computer-to-XBee 
radio  interface. 

The  XBee  radio  module  you  see 
in  Photo  1 is  accommodated  by  the 
pair  of  2 mm  female  headers  that  will 
be  soldered  into  the  base  module's  jl 
and  J 2 header  positions.  The  FT232RL 
USB-to-UART  IC  is  configured  to  drive 
its  I/O  subsystem  at  3.3  volt  logic 
levels  which  are  compatible  with  the  XBee  radio  module's 
3,3  volt  I/O  engine.  Power  for  the  base  module  electronics 
is  derived  from  the  USB  portal's  +5.0  VDC  power  supply. 
The  USB-to-UART  IC  performs  the  5.0  VDC-to-3.3  VDC 
power  conversion  internally  while  the  XBee  radio  module 
receives  its  +3.3  VDC  power  via  the  output  of  a Microchip 
TCI 262-3.3  LDO  voltage  regulator.  Since  everything 


■ PHOTO  I.The  FlashFly  XBee  radio 
modules  operate  in  peer-to-peer  mode 
under  the  rules  of  802. 15.4. This 
particular  XBee  radio  module  has  a 
maximum  range  of  100  feet  indoors 
and  300  feet  outdoors. 


Regardless  of  the  FlashFly  system 
configuration,  the  base  module  and 
remote  module  both  require  the 
presence  of  an  XBee  radio  module 
like  the  one  under  the  lens  in  Photo  I. 
When  the  FlashFly  USB  Stamp  adapter 
is  acting  as  the  remote  application 
module,  the  XBee  radio  module  is 
physically  carried  by  the  adapter. 


THE  FLASHFLY 
BASE  MODULE 
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electronic  that  is  riding  on  the  FlashFly  base  module  is 
referenced  to  a 3.3  volt  voltage  rail/  there  is  no  need  for 
any  voltage  translation  circuitry  between  the  FT232RL  and 
the  XBee  radio  module  serial  and  I/O  interfaces. 

The  XBee  radio  modules  are  very  popular  and  I'm 
sure  you've  seen  them  used  in  other  wireless  applications. 
If  you  wish  to  utilize  the  FlashFly  system  for  something 
other  than  Stamp  interfacing,  you  may  do  so  by  cutting 
bridge  traces  on  the  opposite  side  of  the  base  module 
PCB.  The  set  of  0.1  inch  pitch  1 1 -pin  headers  that  lie 
inside  of  the  XBee  radio  module  2 mm  header  pair  can  be 
used  at  your  discretion  and  are  labeled  on  the  other  side 
of  the  base  module  PCB.  The  1 1-pin  header  pair  shares 
the  same  footprint  as  a Stamp  2.  So,  you  can  plug  the 
FlashFly  base  module  into  any  socket  or  breadboard  area 
that  will  accept  a Stamp  2 footprint. 

Modifications  you  may  make  to  the  FlashFly  modules 
may  inhibit  their  ability  to  operate  correctly  with  a Stamp 
2 module.  So,  for  the  sake  of  this  discussion  we  will  stick 
to  interfacing  our  unmodified  FlashFly  system  to  a BASIC 
Stamp  2.  With  that  said,  the  only  FlashFly  base  module 
HDR-1  signals  necessary  to  interface  to  our  Stamp  2 include 
the  TX,  RXA,  DTK,  GND,  and  +3.3  VDC  The  TX,  RXA,  and 
DTR  signals  presented  at  HDR-1  adhere  lo  3,3  volt  logic 
levels.  As  you  can  see  in  Photo  2,  the  FlashFly  base 
module  is  adorned  with  "blinkers"  that  indicate  the  status 
of  the  TX  and  RXA  signals,  as  well  as  the  presence  of  power 
and  RF  signaling  (RSS1).  The  RSSI  indicator  will  glow  green 
when  an  RF  signal  of  sufficient  strength  is  detected. 

Soldering  the  pins  at  the  FlashFly  base  module's  HDR- 
1 position  is  optional.  If  you  do  decide  to  attach  the  pins, 
you  can  remove  the  base  module  XBee  radio  module  and 
attach  a FlashFly  RS-232  adapter  board.  The  radio-less 
base  module/RS-232  adapter  board  combination  can  then 
be  used  as  a PC  USB-to-RS-232  converter. 


THE  FLASHFLY  REMOTE  MODULE 

The  freshly  unboxed  FlashFly  remote  module  spread 
out  in  Photo  3 is  responsible  for  passing  the  incoming 
program  data  to  its  associated  Stamp  2.  The  remote 
module  also  has  the  capability  of  acting  as  a remote 
application  serial  port.  That  is,  it  can  be  used  to  accept 
and  return  application-related  serial  data  to  the  FlashFly 
base  module. 

Note  that  the  remote  module  does  not  contain  any 
RS-232  voltage  translation  circuitry.  That  means  that  you 
can  directly  connect  the  remote  module  to  any  other 
device  that  operates  with  3.3  volt  logic  levels.  However, 
the  Stamp  2 is  a 5.0  volt  device  and  exposing  the  FlashFly 
remote  module  to  5.0  volt  logic  levels  could  be  fatal  to 
the  XBee  radio  module.  Mounting  the  eight-pin  male 
header  at  the  HDR-1  position  of  the  remote  module 
permits  the  joining  of  a FlashFly  RS-232  adapter  board 
which  acts  as  an  R5-232-to-3.3  volt  logic  level  converter. 
The  HDR-1  pins  also  allow  the  FlashFly  remote  module  to 
ride  on  the  edge  of  the  USB  Stamp  adapter. 

just  like  its  partner,  the  remote  module  beds  down  the 


le 


■ PHOTO  2.  Mounting  the  pins  at  HDR-1  is  optional. 
However,  attaching  the  pins  allows  you  to  use 
the  FlashFly  base  module  in  tandem  with  the  FlashFly 
RS-232  adapter  board  to  form  a USB-to-RS-232  converter. 

XBee  radio  module  with  2 mm  female  headers  at  header 
positions  J1  and  ]2.  To  keep  your  head  from  exploding,  a 
quartet  of  blinkers  provides  instant  visual  indication  of  the 
status  of  the  module's  power  and  RF  link.  The  only  other 
thing  you  really  need  to  know  about  the  remote  module  is 
that  the  two-position  DIP  switch  must  have  both  switches 
in  the  ON  position  for  Stamp  2 transfers. 


THE  FLASHFLY  RS-232 
ADAPTER  BOARD 


If  you've  ever  worked  with  microcontrollers  and  RS- 
232,  there  is  absolutely  nothing  I can  tell  you  about  the 
RS-232  adapter  board  that  you  don't  already  know.  On 


■ PHOTO  3,  Only  28  solder  joints  and  you  have  a 
ready-to-run  FlashFly  remote  module. 
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that  note,  swivel  your  eyeballs  over  to  focus  on  Photo  4. 
All  of  the  adapter  board's  RS-232  voltage  levels  can  be 
found  at  the  nine-pin  D-shell  connector,  and  all  of  the 
XBee  radio  module  3.3  volt  logic  levels  reside  at  the  eight- 
pin  PI  header. 

The  MAX3232  RS-232  transceiver  can  operate  with 
power  rails  of  +5.0  VDC  or  +3.3  VDC  In  the  FlashFIy 
world,  the  MAX3232  is  powered  with  +3.3  VDC  by  way 
of  the  FlashFIy  remote  module's  TCI  262  3.3  volt  LDO 
voltage  regulator.  The  RS-232  adapter  board's  +5V  header 
pin  directs  its  +5.0  VDC  power  source  out  to  the  remote 
module  and  has  no  other  connection  on  the  RS-232 
adapter  board.  The  output  of  the  TCI 262-3.3  LDO  voltage 
regulator  mounted  on  the  remote  module  is  returned  to 
the  adapter  board  via  the  3.3V  header  pin. 

Powered  by  +3.3  VDC,  the  MAX3232  produces  RS- 
232  voltage  levels  that  swing  between  -5.4  VDC  and  +5.4 
VDC.  The  MAX3232's  RS-232  transceivers  are  inverters. 


■ PHOTO  4. The  folks  at  FlashFIy  tell  me  that  this 
hardware  rendition  of  the  RS-232  standard  Is  so 
portable  and  true  to  form  that  customers  order  the 
RS-232  adapter  board  alone  for  use  in  things  that 
are  not  FlashFIy, 

results  in  a -5.4  VDC  on  the  RS-232  side  of  the 
transceiver.  In  old  timer's  RS-232  vernacular,  the 
negative  RS-232  voltage  is  a MARK.  A SPACE  is 
represented  on  the  RS-232  side  as  a positive 
voltage  which,  in  this  case,  is  +5.4  VDC. 

! remember  the  difference  between  a MARK 
and  SPACE  voltage  levels  by  visualizing  a SPACE  as 
"towards  the  sky"  or  upwards  and  positive.  Most  of 
us  pen  a 1 from  top  to  bottom.  Thus,  a MARK  is  a 
"negative"  stroke  of  the  pen  towards  l he  ground. 

If  you  fail  to  read  the  freaking  manual  before 
assembling  your  FlashFIy  RS-232  adapter  board, 
please  read  the  adapter  board's  silkscreen.  It  will 
save  you  from  reworking  a backwards-mounted 
nine-pin  D-shell  connector. 


THE  FLASHFLY  MSB  STAMP  ADAPTER 

The  Stamp  2 is  designed  to  interface  directly  to  a 
regulation  PC  RS-232  portal.  Most  Stamp  2 carriers  (such 
as  the  Parallax  BASIC  Stamp  2 carrier  board)  include  a 
nine-pin  D-shell  connector  to  allow  the  easy  connection  to 
a PC's  serial  port.  However,  you  can't  count  on  every 
Stamp  2 carrier  board  to  accommodate  the  host  Stamp  2 
with  a convenient  nine-pin  PC  interface. 

As  you  can  see  in  Photo  5,  the  FlashFIy  USB  Stamp 
adapter  is  a Stamp  2 carrier,  RS-232  interface,  and  remote 
module  carrier  all  in  one  unit.  The  Stamp  2 rests  in  the 
pins  of  the  clear  24-pin  socket,  while  the  remote  module 
plugs  into  the  eight-pin  female  header.  A pair  of  headers 
underneath  the  board  allows  the  Stamp  2 to  make  contact 
with  the  outside  embedded  world. 


So,  a logical  1 on  the  3.3  volt  logic  side  of  a transceiver 

■ PHOTO  5. The  wash-away  socket  allows  you  to  recover 
from  a severe  case  of  Not  Reading  The  Freaking  Manual 
syndrome.  As  you  can  see,  mounting  the  wash-away 
socket  before  soldering  in  the  headers  below  it  can  lead 
to  a monumental  rework  job. 


The  USB  Stamp  adapter  was  designed  with  failure  in 
mind.  Your  failure,  that  is.  The  USB  Stamp  adapter  must  be 
assembled  in  a particular  order.  If  you  get  excited  with  the 
clear  wash-away  socket  and  install  it  before  you  install  the 
upper  set  of  headers,  you're  in  for  some  header/socket 

rework  action.  The  wash-away  socket  is  included  by 
design  for  those  of  us  that  may  rush  through  the 
assembly  process  without  direction.  The  wash-away 
socket  is  water  soluble  and  can  literally  be  washed 
away  to  leave  its  pins  standing  tall  With  the  wash- 
away  socket  obliterated,  you  can  then  solder  in  that 
top  row  of  headers  you  should  have  mounted  first 
while  retaining  the  Stamp  2's  bed  of  nails. 

There  is  yet  another  way  to  fail  and  I invented 
it.  I was  so  careful  that  1 soldered  the  bottom  row 
of  headers  Into  the  wash-away  socket's  bottom 
row  of  PCB  pads.  Also,  the  wash-away  socket 
can  get  sticky  if  you  don't  dry  your  fingers  after 
drinking  from  that  soda  can.  So,  the  word  is  pay 
particular  attention  to  the  USB  adapter's 
construction  details. 
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■ PHOTO  6.  Here's 
that  assortment  of  base 
module  parts  in  Photo 
2 fully  assembled  and 
loaded  with  an  XBee 
radio  module. 


PREPARING 
THE  FLASHFLY 
SYSTEM 
FOR  USE 


■ PHOTO  7. This  is  as  pure  as  it 
gets.  A BASIC  Stamp  2 supported 
by  a Parallax  BASIC  Stamp  2 carrier 
board  interfaced  to  a Flash  Fly 
remote  module  supported  by  a 
FlashFly  RS-232  adapter  board. The 
single  jumper  supplies  +5.0  VDC  to 
the  FlashFly  remote  module. The 
remote  module's  LDO  voltage 
regulator  returns  +3.3  VDC  to  the 
FlashFly  RS-232  adapter  board. 


With  the  FlashFly 
base  and  remote 
modules  assembled, 
the  next  thing  to  do 
is  load  the  XBee 
radio  module 
configuration  profiles. 

If  you're  new  to  XBee 
radios,  you'll  need  to 
download  and  install 
the  X-CTU  XBee 
configuration 

software.  X-CTU  is  used  to  load  the  FlashFly  base  module 
and  remote  module  XBee  configuration  profiles,  The  X- 
CTU  application  and  XBee  profiles  are  free  and  can  be 
downloaded  from  the  FlashFly  website.  It  would  be  rare, 
but  if  you've  never  used  an  FTDFbased  USB  device  you'll 
also  need  to  download  and  install  the  USB  FTDI  drivers 
from  the  FlashFly  site. 

The  XBee  configuration  profiles  can  be  transferred  to 
the  XBee  base  module  and  remote  module  radio  modules 
using  the  FlashFly  base  module  and  X-CTU.  Our 
assembled  FlashFly  base  module  with  XBee  radio  module 
is  showing  its  teeth  in  Photo  6. 

X-CTU  is  very  intuitive  and  easy  to  use.  So,  you 
shouldn't  have  any  problems  loading  the  FlashFly  XBee 
profiles.  If  you  find  yourself  tangled  up  in  X-CTU,  the 
FlashFly  website  also  offers  a downloadable  version  of  the 
X-CTU  User's  Guide. 

After  you've  loaded  the  XBee  configuration  profiles, 
park  the  XBee  radio  modules  on  their  respective  FlashFly 
base  and  remote  modules.  If  your  Stamp  2 hardware 
complex  provides  a standard  nine-pin  D-shell  connector, 
your  remote  setup  will  look  similar  to  the  FlashFly  and 
Parallax  equipment  pictured  in  Photo  7.  On  the  other 
hand,  your  FlashFly  remote  module  may  jettison  the  RS- 
232  adapter  board  and  take  on  the  look  of  Photo  8, 


the  understanding  of  the  Stamp  2 circuitry  and  the  XBee 
radio  module's  built-in  I/O  engines, 

Take  another  look  at  Photo  7.  Do  you  see  the  pair  of 
0.1  pF  capacitors  to  the  immediate  left  of  the  Stamp  21 
That  pair  of  capacitors  is  wired  to  the  Stamp  2's  ATN  pin 
as  shown  in  Figure  1. 

The  role  of  the  0.1  pF  capacitor  that  spans  between  the 
ATN  and  V$S  pins  is  well  known  as  far  as  digital  circuitry  is 
concerned.  IFs  a noise  bypass  capacitor.  To  understand  how 
the  0.1  pF  capacitor  in  series  with  the  DTR  pin  works  for 
us,  we  have  to  examine  the  circuitry  behind  the  ATN  pin. 


FLASHFLYDATA  AND  SIGNALS 

The  XBee  radio  modules  are  configured  to  send  data 
"'in  the  clear"  just  as  a wire  would.  That's  totally 
understandable  when  applied  to  binary  data.  However, 
the  active-low  DTR  signal  used  to  reset  the  Stamp  2 is  not 
a bit  pattern.  So,  how  does  the  FlashFly  system  reset  the 
Stamp  2 remotely  using  the  DTR  signal?  The  answer  lies  in 
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■ FIGURE  1 * The 
arrangement  of 
these  capacitors 
can  be  confusing. 
To  understand 
their  missions, 
you  must 
understand  what 
stands  behind  the 
BASIC  Stamp  2's 
ATN  pin. 
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■ FIGURE  2.The  BASIC  Stamp  2's  ATN  and  RS-232  duties 
are  performed  by  a single  PIMP  transistor,  a pair  of  NPN 
transistors,  and  a handful  of  resistors.  Simple,  effective, 
and  elegant. 

Figure  2 is  a schematic  view  of  the  Stamp  2's  RS-232 
interface  and  ATN  circuitry.  If  you  trace  the  circuit  from  the 
SIN  pin  back  into  the  Stamp  2,  you'll  see  that  the  SIN  RS-232 
signal  drives  the  base  of  an  NPN  transistor.  The  TTL  equivalent 
of  the  RS-232  SIN  signal  is  taken  from  that  same  NPN 
transistor's  collector  which  is  pulled  high  by  a 4.7  K£2 
resistor.  Note  also  that  the  SIN  signal  is  inverted  by  the  NPN 
transistor.  For  instance,  a SPACE  (+5.4  VDC)  presented  at  the 
SIN  pin  turns  the  NPN  transistor  ON  and  takes  the  NPN 


transistor's  collector  logically 
low.  A MARK  (-5.4  VDC)  at  the 
SIN  pin  holds  the  NPN  transistor 
in  an  OFF  state  and  allows  the 
collector  pullup  resistor  to  present 
a logically  high  signal  level  at  the 
NPN  transistor's  collector. 

The  Stamp  2's  RS-232  level 
at  the  SOUT  pin  is  controlled  by 
a PNP  transistor.  A logical  low 
applied  to  the  base  of  the  PNP 
transistor  turns  the  transistor  ON 
and  +5.0  VDC  (SPACE)  is 
transferred  to  the  SOUT  pin. 
Since  the  Stamp  2 communicates 
on  a half-duplex  link,  the  SIN  pin 
is  externally  held  at  a MARK 
level  by  the  receiver  while  the 
Stamp  2 is  transmitting  (this  is 
called  MARKING).  Thus,  when 
the  PNP  transistor  is  turned  OFF, 
a 4.7  K£2  resistor  provides  a path 
for  the  MARK  on  the  SIN  pin  to 
be  transmitted  on  the  SOUT  pin. 

The  operation  behind  the 
ATN  pin  is  similar  to  that  of  the 
SIN  pin.  Without  the  DTR  series 
capacitor,  the  ATN  circuitry  is 
identical  to  the  SIN  circuitry. 
With  the  DTR  series  capacitor  absent,  the  application  of  a 
SPACE  at  the  ATN  pin  would  force  the  RES  pin  logically  low 
and  reset  the  Stamp  2.  The  DTR  series  capacitor  and  the 
bias  resistors  connected  to  the  base  of  the  NPN  transistor 
form  a differentiator,  The  function  of  this  differentiator 
circuit  is  captured  by  a Clever  Scope  in  Screenshot  1. 

The  lower  trace  in  Screenshot  1 reflects  the  3.3  volt 
logic  level  at  the  FlashFly  remote  module's  active-low  DTR 
pin.  The  upper  trace  represents  the  5.0  volt  logic  level  at 
the  Stamp  2's  ATN  pin.  As  long  as  the  remote  module's 
DTR  logic  level  is  logically  high,  the  voltage  at  the  RS-232 
DTR  pin  at  the  nine-pin  connector  is  MARKING,  or  negative. 

The  MARKING  DTR  pin  does  not  allow  the 
DTR40-ATN  series  capacitor  to  charge  as 
the  ATN  end  of  the  capacitor  is  finding  a 
path  to  ground  through  the  NPN  base  bias 
resistors.  A Stamp  2 reset  will  not  occur  as 
long  as  the  ATN  pin  is  held  logically  low. 

As  soon  as  the  remote  module's  DTR 
pin  is  driven  logically  low,  the  RS-232  DTR 
signal  at  pin  4 of  the  nine-pin  D-shell 
connector  transitions  from  a negative 
MARKING  state  to  a positive  SPACING 
state.  The  signal  inversion/conversion  takes 

■ SCREENSHOT  1.  I used  a CleverScope  to 
capture  this  BASIC  Stamp  2 reset  pulse. The 
CleverScope  was  triggered  on  the  falling 
edge  of  the  FlashFly  remote  module's  active 
low  DTR  pin. 
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place  in  the  MAX3232  transceiver  which  lies  between  the 
remote  module  and  the  9-pin  D-shell  connector.  The  0.1  pF 
capacitor  tied  between  the  RS-232  DTR  pin  and  Stamp  2's 
ATN  pin  sees  a positive  voltage  at  the  DTR  end  and  a ground 
path  through  the  NPN  transistor  bias  resistors  at  the  ATN 
end.  That  allows  the  series  capacitor  to  do  what  capacitors 
do  ...  CHARGE!  As  you  can  see  in  Screenshot  1,  the  capacitor 
in  series  with  the  RS-232  DTR  pin  charges  toward  +5.0 
VDC.  The  series  pair  of  10  KQ  NPN  bias  resistors  and  the 
0.1  pF  capacitor  create  a 20  mS  spike  that  drives  the  ATN 
pin  logically  high  long  enough  to  reset  the  Stamp  2. 

Here's  a view  of  the  ATN  action  we  just  discussed 
from  the  Flash  Fly  point-of-view.  On  the  base  module,  the 
XBee-Pro  module's  DTR  pin  is  electrically  tied  to  the  XBee 
radio  module's  DIG4  I/O  pin  and  active-low  DTR  header 
pin.  The  remote  module's  DI04  pin  is  tied  to  its  active-low 
DTR  header  pin. 

The  remote  module's  DI04  I/O  pin  is  configured  as  a 
digital  output  that  defaults  to  a logically  high  output  state. 
The  corresponding  base  module  DIG4  I/O  pin  is  configured 
as  a digital  input.  So,  as  long  as  the  base  module's  DI04 
input  does  not  toggle  from  logically  high  to  logically  low, 
the  remote  module's  DI04  output  pin  presents  a logical 
high  to  the  MAX3232's  DTR  transceiver.  This  results  in  a 
MARK  at  pin  4 (DTR)  of  the  RS-232  D-shell  connector  which 
prevents  the  DTR- to- ATN  series  capacitor  from  charging. 

When  the  base  module's  DI04  input  is  forced  from  a 
logical  high  to  a logical  low,  the  base  module  XBee  radio 
module  is  configured  to  transmit  the  change  in  logic  states 
of  its  D!Q4  input  to  the  remote  module.  The  remote  module 
receives  the  logic  change  event  and  proceeds  to  drive  its 
DIG4  pin  logically  low.  The  active-low  logic  level  at  the 
remote  module  is  presented  on  the  DID4  output  pin.  The 
MAX3232  transceiver  servicing  the  DTR  header  pin  on  the 
remote  module  presents  a SPACE  to  the  DTR  end  of  the 
series  capacitor.  The  series  capacitor  charges  and  a 20  mS 
positive-going  spike  at  the  Stamp  2's  ATN  pin  resets  the 


Special  thanks  to  the  ParallaxTeam  for  their  BASIC 
Stamp  2 hardware  and  technical  support. 

Parallax  - www.parallax.com 
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FlashFly  System 

Digi  - www.digi.com 
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Stamp  2.  The  remote  module's  DI04  output  stands  at  the 
logically  low  level  for  a predetermined  amount  of  time 
before  returning  to  its  logically  high  default  state. 

The  logic  level  transition  on  the  base  module's  DI04 
digital  input  originates  from  the  Stamp  Editor  during  a 
RUN/DOWNLOAD  event.  You  can  also  initiate  a DTR 
reset  operation  from  the  debug  terminal. 


WIRELESS  WONDER 

That's  what  the  FlashFly  system  is.  There  is  no  better 
way  to  remotely  program  and  exchange  application  data 
with  a BASIC  Stamp  2.  If  you  need  additional  range,  load 
your  FlashFly  base  module  and  remote  module  with  XBee- 
Pro  radio  modules.  With  the  XBee-Pro  radios,  you  can 
communicate  at  distances  up  to  300  feet  indoors  and  one 
mile  line-of-sight  outdoors.  Add  a FlashFly  system  to  your 
Stamp  2 Design  Cycle  and  take  your  designs  lo  places 
they've  literally  never  been  before.  HIV 

Fred  Eady  can  be  reached  at  fred@edfp.com. 
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by  Joe  Perdue 

avrtoolbox 

Ring  Buffer 
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Recap 

So  far^  in  our  briefly  interrupted  series  on  avrtoolbox, 
we've  looked  at  some  software  engineering  principles  and 
applied  them  to  creating  the  avrtoolbox  project  on  Google 
Code  | http://code.google.eom/p/avrtoolbox/l.  We've 
learned  aboul  creating  an  open  source  project  using  a 
consistent  C programming  style,  documenting  it  with 
doxygen,  putting  our  functions  in  libraries,  and  keeping 
track  of  the  whole  thing  with  a software  versioning  system. 
Last  month,  we  learned  a bit  about  two  more  software 
engineering  tools:  the  FRS  (Functional  Requirements 
Specification)  and  the  API  (Applications  Programmer 
Interface),  and  applied  all  that  to  an  elementary  serial 
communications  library  meant  to  mimic  the  kinds  of 
novice-friendly  functions  we'd  find  in  the  Arduino  or  PBAS1C. 

The  novice-friendly  serial  library  was  built  on  top  of 
two  other  libraries:  one  for  storing  the  data  (ring  buffer) 
and  another  for  sending  and  receiving  the  data  (USART). 
These  libraries  are  not  particularly  novice-friendly  and 
more  like  what  you'd  see  in  a professional  software 
production  environment.  This  month,  we  are  going  to  look 
at  ring  buffers  and  next  month  w'e  will  look  at  the  AVR 
USART.  Also  this  month,  we  will  look  at  another  software 
engineering  too!  — the  AVRStudio  Simulator  — that  we  will 
use  to  test  the  ring  buffer  functions. 

What  is  a Ring  Buffer? 

A ring  buffer  algorithm  turns  a linear  array  into  a circular 
array  which  as  you  will  see  in  a moment,  can  be  very  useful 
for  rapidly  storing  and  retrieving  data.  A linear  array  is  just 
a sequence  of  contiguous  memory  locations  set  aside  to  store 
data  in  such  a way  that  you  can  access  the  data  by  using 
a number  indicating  its  position  in  the  array.  For  instance, 
if  you  had  a 64-byte  linear  array  named  lin Array  and  wanted 
to  get  the  32nd  byte,  you  would  use:  myByte  = IinArray[31  ]. 
You  use  31  instead  of  32  because  in  arrays,  we  start  numbering 
at  0 rather  than  1,  meaning  we  have  bytes  number  0 to  63 
stored  for  a total  of  64  bytes.  A ring  buffer  is  a linear  array, 
but  we  use  a special  algorithm  to  make  it  behave  as  if  it 
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was  a ring  having  neither  a beginning  nor  an  end. 

Ring  buffers  are  very  useful  in  C programming  where 
we  often  have  a situation  where  we  have  two  'things'  that 
are  trying  to  deal  with  the  same  variable  set  of  data,  but 
are  doing  so  at  different  rates.  For  instance,  we  may  want 
to  evaluate  a stream  of  bytes  that  are  coming  in  over  a 
UART  to  see  if  we  are  receiving  a command.  However,  we 
may  be  getting  the  bytes  faster  than  it  can  analyze  them; 
so  incoming  bytes  begin  to  pile  up,  Another  situation 
could  be  that  we  have  some  code  generating  data  to  be 
transmitted  out  over  a UART  but  the  data  is  being 
generated  in  short  spurts  faster  than  the  UART  can 
transmit  them;  so  outgoing  bytes  begin  to  pile  up. 

In  both  cases,  we  need  something  analogous  to  a 
kind  of  pipe  with  a balloon  in  the  middle  that  expands  or 
contracts  as  the  pressure  differs  on  either  end  of  the  pipe, 
This  is  actually  not  such  a bad  analogy  since  we 
immediately  see  that  the  balloon  must  have  properties  of 
size  and  stretch i ness  that  accommodate  what  comes  in 
and  goes  out  the  pipes  without  overstretching  and 
bursting.  Obviously,  if  we  connect  a fire  hose  to  one  end 
and  a soda  straw  to  the  other,  that  balloon  better  be  large 
and  the  fire  hose  better  not  be  left  on  too  long. 

Memory  is  linear,  meaning  it  is  addressed  with  an 
integer  sequence  beginning  at  0 and  ending  at  the  largest 
address.  We  can  create  a subset  of  memory  as  an  array 
that  may  be  allocated  anywhere  in  memory,  but  the  array 
will  keep  track  of  the  memory  locations  as  if  the  first  location 
is  address  0.  For  example,  we  could  allocate  a 1 6-byte  array 
that  the  compiler/linker  would  locate  beginning  at  memory 
location  1000  and  ending  at  memory  location  1015.  When 
we  address  the  first  element  of  the  array,  we  use  0,  but  the 
underlying  code  substitutes  the  address  of  the  first  memory 
element:  1000.  This  abstraction  from  the  real  address 
means  that  we  can  reuse  an  array  in  other  code  on  other 
processors  and  let  the  compiler/linker  figure  out  where  to 
put  it  — a detail  that  is  of  no  interest  to  our  application, 
Using  our  linArray[]  example,  the  first  byte  at  linArray [G| 
could  be  at  1000  or  2345  or  54321,  but  we  never  see  that 
first  address  since  we  are  using  the  linArray [0 1 as  an  alias. 

We  can  use  this  1 6-byte  array  to  act  as  our  balloon 
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and  handle  the  overflow.  Let's  say  the  input  function  is 
based  on  an  interrupt  Service  Routine  (tSR)  and  our 
function  that  processes  the  input  data  can  be  interrupted 
at  anytime  for  more  data  to  be  added  to  the  array.  Suppose 
that  we  have  added  10  bytes  to  our  16-byte  array,  we  start 
processing  them,  and  are  about  to  process  the  sixth  of  the 
10  bytes  when  the  15R  receives  another  10  bytes  to  put  in 
the  array.  Now  we  have  a problem  because  we  have 
received  20  bytes  total  and  the  array  is  only  16  bytes  long. 
Notice,  however,  that  we  have  already  processed  five  of 
the  first  10  bytes,  so  the  first  five  spaces  are  now  of  no 
interest  to  us  and  can  be  considered  "empty/  We  thus 
have  five  empty  spaces  at  the  start  of  the  array  and  eight 
empty  spaces  at  the  end  of  the  array  for  a total  of  1 3 
available  spaces,  but  they  are  not  contiguous.  We  could 
go  ahead  and  do  this  the  hard  way  and  use  our  array  as  a 
linear  array  where  the  ISR  copies  the  five  oldest  unprocessed 
bytes  from  their  locations  to  the  beginning  of  the  array, 
then  follows  them  with  the  newly  received  1 0 bytes, 
leaving  the  total  of  1 5 unprocessed  bytes  in  the  array  in 
the  proper  order  beginning  at  the  start  of  the  array. 

Using  this  'hard  way'  technique,  we  will  have  to  set  some 
kind  of  message  to  inform  any  function  using  the  array  that 
the  first  unprocessed  byte  has  been  moved  to  0.  The  user 
will  have  to  read  the  message  and  (in  the  case  above)  know 
that  the  next  byte  to  examine  is  not  the  sixth  which  it  was 
about  to  work  on,  but  the  first.  This  shifting  of  byte  and 
processing  of  flags  is  complex  and  time-consuming,  but 
thankfully  the  ring  buffer  concept  provides  a much  easier 
way  to  accomplish  the  task  without  having  to  move  the  data. 

instead  of  moving  the  data,  we  keep  two  indexes:  one 
pointing  to  the  next  location  to  store  data  from  (head 
index)  and  the  other  pointing  to  the  next  location  to  read 
data  from  (tail  index).  The  ring  algorithm  is  more  difficult  to 
understand,  but  it  is  much  more  efficient  for  the  machine. 

Let's  visualize  a circular  array  like  a necklace  with  pearls 
where  each  pearl  represents  a location  to  store  a byte  of  data. 
Let's  say  we  have  1 6 pearls  and  we  want  one  process  to  be 
storing  data  for  another  process  to  remove  — each  at  its  own 
rate.  The  process  that  does  the  storing  will  have  the  address 
of  the  'first'  input  pearl  and  store  data  sequentially  around 
the  necklace.  The  storing  process  needs  to  remember  the 
location  of  the  first  pearl  and  the  number  of  pearls  used  to 
store  data.  Then,  when  we  want  to  store  a new  byte,  we  can 
calculate  the  total  number  of  already  stored  bytes  (length) 
and  get  the  next  storage  pearl  by  adding  this  length  to  the 
first  location  to  get  the  location  for  the  next  empty  pearl. 

To  extend  the  analogy,  let's  say  that  the  pearls  are 
chosen  in  a clockwise  direction,  and  that  storing  data  turns  a 
pearl  black.  We  can  see  in  Figures  0 through  6 that  adding 
data  causes  pearls  to  turn  black  sequentially  in  the  clockwise 
direction.  For  this  analogy,  we  name  the  location  of  the  next 
byte  memory  location  lo  be  written  (stored)  as  the  Head  and 
the  location  of  the  next  byte  to  be  read  (removed)  as  the 
Tail.  We  add  data  to  the  Head  and  remove  data  from  the  Tail, 

if  the  access  process  is  slower  than  the  storing  process, 
then  the  Head  location  will  grow  more  distant  from  the  Tail 
around  the  circle  with  the  Head  and  Tail  changing  as  the 
data  is  added  or  withdrawn.  However,  the  Head  is  equal  to  the 


■ FIGURE  2.  Second  byte  stored. 
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Tail  both  when  the  buffer  is  empty  or  full,  so  we  have  to 
look  at  the  count  to  see  which  is  the  case.  If  the  buffer  is 
empty,  it's  no  problem  since  all  that  means  is  that  you've 
caught  up.  However,  if  the  buffer  is  full  as  shown  in  Figure  6, 
you  may  have  a problem  and  you  may  start  overwriting  data 
that  you  haven't  read  yet.  This  is  not  something  that  you  want 
to  happen.  Such  a condition  won't  hurt  so  much  if  the  streaming 
data  is  audio  output  and  only  happens  occasionally,  in  which 
case  the  listener  may  hear  a glitch,  but  if  the  data  is  for 
monitoring  the  core  temperature  of  a nuclear  reactor,  well  ... 

To  solve  this  problem,  the  storing  function  must  monitor 
the  indexes  and  the  count,  and  be  able  to  respond 
intelligently  if  things  are  getting  out  of  hand.  For  instance, 
if  you  are  receiving  bytes  from  a PC  via  the  UART  and  the 
buffer  fills  up,  then  you'll  want  to  use  a communication 
protocol  allowing  it  to  tell  the  PC  to  hold  off  for  a while. 

You  can  lessen  the  likelihood  of  this  error  occurring 


by  increasing  the  amount  of  RAM  available  for  the  buffer. 
However,  since  RAM  is  precious  on  microcontrollers,  we 
have  to  make  a trade-off  of  costs  and  make  a judgment 
call  on  how  large  to  make  a ring  buffer. 

Also  note  that  while  it  is  technically  feasible  to 
dynamically  allocate  buffers  at  run-time  using  the  C 
malloc()  function,  eight-bit  microcontroller  developers 
aware  of  RAM  limitations  rarely  do  this.  So,  we  will  not. 
We  will  allocate  the  buffers  when  we  design  the  code  and 
make  our  size  decision  then. 

Ring  Buffer  Functional 
Requirements  Specification 

Ring  buffer  data  type:  ring_t  will  be  a data  type  that 
will  hold  a pointer  to  the  buffer,  the  size  of  the  buffer,  the 
Head  index,  the  Tail  index,  and  the  data  count. 


■ FIGURE  5.  Eleven  bytes  added;  three  bytes  removed.  ■ ■ FIGURE  6.  Uh  oh,  16  added;  none  removed 
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Ring  buffer  initialization  function:  ringJnitQ  will 
initialize  a ring  buffer  based  on  receiving  a pointer  to  a 
ring_t  structure  — a pointer  to  a buffer  created  by  the 
calling  function  that  is  of  the  size  provided. 

Ring  add  to  buffer  function:  ring„add()  will  add  a 

byte  at  the  next  available  space  in  the  buffer. 


//  Initialize  the  ring  buffer 

if ( I ring_init {ring_t  *r,  ring_buf f er_t 

buffer,  ring_size_t  size) ) 

{ 

//  Buffer  not  intitialized  so 
/ / handle  the  error 

} 


Ring  remove  from  buffer  function:  ring_remove() 
will  remove  a byte  from  the  oldest  valid  location  in  the 
buffer. 

Ring  peek  at  buffer  function:  ring_peek()  will  read  an 
uint8_t  'count'  number  of  bytes  from  the  ring  buffer  into  a 
new  buffer  provided  as  a parameter  without  removing  any 
of  the  values  read  from  the  ring  buffer.  1 1 will  return  the 
number  of  bytes  actually  read. 

Ring  clear  function:  ring_clear()  will  set  the  Tail  equal 
to  the  Head  and  load  0 into  all  buffer  positions. 

Ring  Buffer  Applications 
Programming  Interface 

ring_t 

Description:  ring_t  is  a structure  that  holds  data 
required  to  create  and  manage  the  ring  buffer. 

typedef  uintl6_t  ring_index_t ; 
typedef  uint8_t  *ring_buf fer_t ; 
typedef  uint8_t  ring_countmt ; 
typedef  uint8„t  ring_size_t; 
typedef  struct 
{ 

ring_buf fer_t  buffer; 
ring_size_t  size; 
ring_index_t  head_index? 
ring_index_t  tail_index? 
ring_count_t  count; 

} ring_t ; 

ringJnitO 

Description:  Sets  up  the  ring  buffer  with  ring_t 
parameters.  The  clear  command  is  also  called  to  set  0 
values  within  the  ring  buffer  functions. 

Syntax:  bool  ring_init{ring_t  *r,  ring_buffer_t  buffer, 
ring_size_t  size) 

Parameters: 

ring_t  *r:  A pointer  to  a ring_t  structure. 
ring_buffer_t  buffer:  A pointer  to  buffer  what  you 
want  to  use  for  the  ring  buffer. 
ring_size_t  size:  Size  in  bytes  of  the  buffer;  must  be 
equal  to  or  greater  than  two.  The  actual  amount  of 
storage  available  in  the  ring  buffer  is  size  -1 . 

Returns:  Boolean  true  if  the  buffer  was  created;  false 
otherwise. 

Example: 

void  setup ( ) 

{ 


/ / Okay  to  use  the  buffer 
} 

ring_add() 

Description:  Adds  a byte  of  data  to  the  ring  buffer. 
Syntax:  bool  ring_add(ring_t  *r,  uint8_t  data) 
Parameters: 

ring_l  *r:  A pointer  to  a ring„t  structure. 

Data:  An  eight-bit  byte  of  data  to  add  to  the  buffer. 
Returns:  Boolean  true  if  the  byte  was  added;  false 
otherwise. 

Example: 

//  receive_ring  structure  defined  elsewhere 
bool  put_byte  (uint8_,t  b} 

{ 

r e t urn ( r i ng_add { & r ece i ve_r i ng , b ) ) ; 

) 

ring_remove() 

Description:  Removes  a byte  of  data  from  the  ring  buffer. 
Syntax:  uint8_t  ringL_remove(ring_t  *r)) 

Parameters: 

ring^t  *r:  A pointer  to  a ring_t  structure. 

Returns:  The  byte  of  data  removed. 

Example: 

//  receive_ring  structure  defined  elsewhere 
uint8_t  get_by te ( ) 

{ 

return ( ringer ©move (&receive_ring) ) ; 

) 


FIGURE  7.  AVR  Studio  Help. 
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FIGURE  8.  Debug  Help. 


ring_peek() 

Description:  Reads  uintBj  count  bytes  from  the  ring 
buffer  into  a new  buffer  provided  as  a parameter 
without  removing  any  of  the  values  read  from  the  ring 
buffer.  It  returns  the  number  of  bytes  read. 

Syntax:  uint8_t  ring_peek(ring_t  *r,  uint8_t  *buf, 
uint8_t  count) 

Parameters: 

ring_t  *r:  A pointer  to  a ring_t  structure, 
uint 8_t  *buff:  A pointer  to  a buffer  to  hold  the  data. 
uint8_t  count:  The  number  of  bytes  to  load  from  the 
ring  buffer  to  but. 

Returns:  The  actual  number  of  bytes  read. 

Example: 

//  receive_ring  structure  defined  elsewhere 
uint8_t  get_by tes (uint8_t  *buf,  uint8_t 
count ) 

{ 

return { ring_peek {&receive_ring , buf , 
count ) } ; 

} 


ring_clear() 

Description:  Sets  all  data  in  the  buffer  to  0 and  sets 
the  Head  and  Tail  indexes  to  0. 

Syntax:  bool  ring_clear(ring_t  *r) 

Parameters:  ring_t  *r  : a pointer  to  a ring_t  structure. 
Returns:  True  if  successful;  false  otherwise. 

Example: 

void  end„this ( ) 

{ 

ring_clear (&receive_ring) ; 

} 
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FIGURE  9.  Build  and  Run, 


Using  AVR  Studio  Simulator 


The  AVR  Studio  Simulator  is  really  great 
for  testing  how  programs  use  the  AVR 
memory,  but  it  can  be  a bit  of  a pain  to  use 
at  times.  So,  if  you  aren't  already  familiar 
with  it,  open  the  AVR  Studio  Help  as  shown 
in  Figure  7 and  then  in  the  HTML  Help  file 
open  the  Debug  section  and  play  around  in 
it  as  shown  in  Figure  8. 

We  will  mostly  be  using  the  Memory 
View  and  the  Watch  View,  so  read  these 
sections  before  doing  the  testing.  ! found 
the  Simulator  to  be  a bit  arcane  and  balky 
at  times,  but  with  persistence  I was  able  to 
run  all  the  memory  tests  in  the  Ring  Buffer  Tester.  Note 
that  in  the  following  tests  you  must  set  the  Project 
Options  Optimization  to  -00  meaning  no  optimization 
since  the  compiler  will  look  at  this  code 
and  think  that  some  bits  are  stupid  and  remove  them. 

They  are  stupid,  but  they  are  also  needed  for  testing.  So, 
kill  the  optimizer  AND  DON'T  FORGET  to  reset  the 
optimization  to  -Os  before  compiling  any  code  that 
you  intend  to  use  on  a real  AVR.  Note  also  that  the 
memory  window  may  not  be  set  to  show  data  when  you 
open  it.  If  anything  I do  in  the  tests  isn't  entirely  clear,  1 
suggest  you  read  the  help  file.  If  that  doesn't  help,  then 
put  on  your  waders  and  ask  a question  on 
www.avrfreaks.net  using  'Smiley's  Workshop'  in  the 
title  so  I might  see  it. 

Testing  the  Ring  Buffer  Library 

Test  1 

We  will  start  out  with  a simple  test  just  to  show  that 
we  are  initializing  and  setting  the  indexes  and  count 
correctly.  Start  with  the  following  code: 

# i nc lude  " C : \ avr t ool box \ 1 ibavr \ sour c e 
\general\ring\ring . hw 

# include  *C: \avrtoolbox\ 1 ibavr \ source 
\elementary\serial\ serial . h" 

# define  BUFFERSIZE  16 


static  uint8_t  array 1 [BUFFER_SIZE] 
static  uintSt  array 2 [BUFFER_SIZE] 
static  uint8_t  array 3 [BUFFER_SIZE] 

int  main(void) 

{ 


//  declare  three  ring  buffer  data  structures 
ring_t  ringl; 
ring_t  ring2? 
ring_t  ring3; 

//  Create  three  ring  buffers 
ring_init (&ringl , arrayl,  BUFFER_$IZE) ; 
ring_init (&ring2 , array 2,  BUFFER_SIZE) ; 
ring_init (&ring3 , array3,  BUFFER_SIZE) ; 

//  Assign  temporary  variables  so  that  we  can 
/ / look  at  them  in  the  Breakpoints  and 
/ / Tr ac epo i n t window 

uintl6_t  volatile  temp_head_ index  = 0; 
uintl6_t  volatile  temp_tail_index  - 0; 
uint8„t  volatile  temp_count  = 0; 


■ FIGURE  10.  Initial  Memory. 


static  uint8_t  afrayl[BtfFFER_SIZE] ; 

static  uint8_t  array 2 [ BUFFER_SXZE ] ; 

s-efic  uint8_t  ar  raj  aIray1  =[  ] tlinh3_,[1 6]  0x0100  (SRAM| 


■ FIGURE  11.  arrayl  size  and  location. 


//  Test  1 

//  Store  six  0x01  bytes  in  ring  1 
£or(uint$_t  i = 0;  i < 6;  i++) 

{ 

ring_add (&ringl , 0x01) ; 

} 

temp_head_index  = ringl .head_index; 
temp_tail_index  = ringl . tail_index ; 
temp_count  = ringl. count; 

} 

We  declare  three  1 6-byte  arrays,  then  in  the  main() 
functions  we  declare  three  ring_t  structures.  We  initialize 
these  ring  buffers  with  the  ring_init()  function.  Next,  we 
create  three  variables  that  we  will  use  in  our  Watch 
window  to  observe  the  ring  headjndex,  tailjndex,  and 
count  parameters.  Click  on  the  'Build  and  Run'  button  as 
shown  in  Figure  9.  You  will  notice  that  the  Memory 
window  appears  and  has  some  bytes  set  to  zero  as  shown 
in  Figure  10.  These  are  the  locations  we  have  reserved  for 
our  buffers. 

You  can  find  the  starling  location  of  each  of  the  three 
arrays  by  putting  your  cursor  on  the  array  name  in  the 
code  as  shown  in  Figure  11. 

We  see  that  the  arrays'  start  addresses  are: 


Place  your  cursor  on  the  temp_headjndex 
variable,  click  the  right  mouse  button,  and  select  'Add 
Watch:  "tempjieadjndex"  as  shown  in  Figure  12. 

Then  add  temp_tailjndex  and  temp_count  to  the  Watch 
window. 

Place  the  cursor  after  the  last  line  in  the  main 
function,  then  click  on  the  'Run  to  Cursor'  button  as 
shown  in  Figure  13. 

We  see  in  Figure  14  that  the  six  bytes  beginning  at 
0x01 00  (the  start  of  arrayl ) are  changed  to  0x01 . 

We  then  see  in  Figure  15  that  the  Watch  window 
variables  have  changed.  The  variable  tempjieadjndex  is 
6,  temp_tailjndex  is  0,  and  temp_count  is  6 as  we  would 
expect.  So,  we  have  now  validated  that  we  can  create  and 
load  one  ring  buffer. 

Test  2 

Next,  we  run  the  second  test  by  adding  the  following 
code  and  repeating  the  preceding  procedure: 

//  Test  2 

//  First  three  bytes  'removed'  to  array3 
//  Note  that  the  value  doesn't  change 
/ / but  the  index  does  change 
for[uint3_t  i = 0;  i < 3;  i-i-+) 


■ FIGURE  12.  Add  Watch. 


arrayl  - 0x0100 
array2  - 0x0110 
array 3 - 0x0120 
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Name  Value  Type  Location 

texp_head_in6  uintl6_t  QxOSF?  [5RRX1 

Cenp_tall_inO  OxO SF9  [SRAKJ 

T.ej,p_counx  6 '-1  uintS  t OxOSFB  [SRAM] 


H i [ H \Watch  1 /(Watch 2 /watch 3 AW»fch *7 


■ FIGURE  15,  Test  1 changes  Watch  variables. 


Name  Value 

te:cp_head_in  6 
temp_tail_in3 
temp  count  3 1 *■' 


■ FIGURE  17.  Test  2 Watch. 


uint8_t  te*ip_buf [ ] = {0,0, 0,0}; 

ring.  _peek  ( &ririg[ternp_.buH . ] uint8j[4]  0x08F9  [SRAM] 


■ FIGURE  18.  temp_buf  location. 


In  Figure  16,  we  see  that  the  ihree  bytes  have 
been  copied  from  the  first  array  to  the  third  one 
located  at  hex  120.  Note  also  that  even  though 
those  three  bytes  were  'removed'  from  the  first 
array,  they  are  still  present.  This  is  because  only  the 
indexes  and  counts  are  changed  and  the  actual  data 
isn't  cleared. 

Figure  17  shows  the  Watch  window  that  now 
shows  that  ihe  Head  index  is  still  6,  but  now  the  Tail 
index  is  3 since  three  bytes  have  been  removed;  the 
count  is  three  which  is  how  many  bytes  remain  in 
the  buffer. 

Hey,  this  is  looking  like  that  weird  pearl  lecture 
at  the  beginning  of  this  article,  cool  ... 
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FIGURE  20.  Test  3 Part  2. 


ring^add  (&.ring3 , r ing„remove  t&ringl ) ) ; 

} 

temp_head_ index  - ringl .head_index; 
temp_tail_ index  = ringl , tail_ihdex; 
temp_count  = ringl. count; 


Test  3 

Let's  test  the  ring_peek()  function  by  filling  the 
ring2  buffer  with  a sequence  of  16  bytes  (0x01  to 
0x10),  then  read  ihe  eighth  and  nineth  bytes  to  see 
if  they  really  are  0x08  and  0x09; 

//  Test  3 

//  Fill  ring2  with  sequence  of  16  bytes 
//  0x01  to  0x10  and  then  read  the  8th  and 
//  9th  bytes  to  see  if  they  really  are 
//  0x08  and  0x09 

for[uint8_t  i - 1;  i <-  16;  i++) 

{ 

ring_add (&ring2 , i); 

} 

uint8_t  temp_buf [2 ] ; 
uint8_t  temp_count; 

r i ng_pe  e k ( &r i ng2 , temp_bu  f , t emp_c oun t } 
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Placing  your  cursor  over  temp_buf  as  shown  in 
Figure  18  reveals  that  it  is  located  at  0x08F8  in  the 
SRAM  — note,  however,  that  it  may  be  located 
somewhere  else  when  you  do  this  experiment. 

Figure  19  shows  the  sequential  bytes  written  In  the 
second  array;  Figure  20  shows  the  results  of  the 
nng_peek()  that  loaded  the  values  of  the  first  four  into 
our  temporary  buffer  that  begins  at  8F8. 

And  Then ... 

We  have  a bunch  more  tests  to  run  but  no  more 
space  to  show  them.  I think  that  if  you  got  this  far  in 
the  article,  you  won't  mind  finishing  the  testing  without 
any  more  training  wheels.  I'm  also  sure  at  some  point 
during  all  this  testing  you  will  scream  "IS  THIS  REALLY 
NECESSARY!!!"  And  the  answer  I'd  screamed  back 
atcha  is  "OF  COURSE  NOT!  YOU  CAN  TEST  THESE 
FUNCTIONS  WHILE  DEBUGGING  SOME  CODE 
THAT  IS  ON  A TIGHT  DEADLINE  MONTHS  AFTER 
YOU'VE  CREATED  THE  LIBRARY  AND  FORGOT 
HOW  IT  WORKED!!!"  Or,  in  lowercase,  "Nobody  said 
software  engineering  was  easy." 

Since  last  we  looked  at  avrtoolbox,  I've  redone  the 
directory  structure  as  shown  in  Figure  21.  Now,  the 
top  directory  is  libavr  followed  by  four  sub-directories; 
doc,  librarian,  source,  and  testers.  The  libraries  are  kept 
in  the  librarian  directory,  one  for 

each  of  our  test  platforms  

(Butterfly,  Atmega328  {Arduino 
board  jnot  IDE|),  and  the 
Atmega644  [BeAVR}). 

The  testers  directory  has  sub- 
directories for  each  module;  in  this 
case,  'ring'  and  the  code  is  written 
so  that  it  references  the  libraries 
and  header  files  as  they  are  in  the 
libavr  directory  tree.  Yeah,  it  is  a 
little  complicated  at  first,  but  it 
seems  to  me  the  most  logical  way 
to  keep  all  this  in  one  place,  so  I'm 
sticking  with  it  for  a while. 

If  after  all  this  good  stuff,  you 
just  can't  wait  and  want  lo  get  a 
leg  up  on  real  C programming  and 
the  AVR  (while  helping  support 
your  favorite  magazine  and 
technical  writer),  then  buy  my  C 
Programming  book  and  Butterfly 
projects  kit  from  the  Nuts  & Volts 
website  at  www.nutsvolts.com. 

Next  month,  if  all  goes  well, 
we  will  continue  with  avrtoolbox 
using  what  we  have  learned  about 
the  ring  buffer  to  apply  it  to 
creating  an  AVR  USART  library. 
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FIGURE  21.  avrtoolbox. 


Cano  Kit 

www.canakit.com 


TM 


USB-LOGIC  \ ' 

USB  Logic  Analyzer 


DSO-NANO-V2 

Pocket-Sized  Digital  Oscilloscope 


■ • $59 

ARDUINO-STK 

Arduino  Uno  Starter  Kit 


UK1104 

4-Port  USB  Relay  Controller  with 
6-Channel  Analog/Digital  Interface 


FM  Transmitters  * Timers  • Audio  Amplifiers  * Motor  Controllers  * Custom  Designs 


1*888*540-KITS  (5487) 
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www.canakit.com 


QUALITY  Parts 
FAST  Shipping 
UNT  Pricin 


CALL,  WRITE,  FAX  or  E-MAIL 
for  a FREE  96  page  catalog. 

Outside  the  U.S.A.  send  $3.00  postage. 


PRECISION  DC  GEAR 
MOTOR , USED 

FAULHABER 
#1 624E024SNP305 . 

Smalt,  powerful-for-its-size,  very-low  current, 
Swiss  made  gear  motor.  No-load  Ratings: 

320  RPM  @ 12Vdc/  2.5mA.  545  RPM  @ 
20Vdc  / 3,9mA.  17mm  diameter  x 40mm  long 
overall.  2mm  diameter  x 10mm  shaft  with 
attached  11 ,7mm  diameter  pulley  for  round, 
2mm  belt.  Motor  face  has  4 tapped  mounting 
holes.  Two  wire  leads,  45mm,  Used,  removed 
from  equipment  in  good  condition. 

CAT#  DCM-705  $1 


SELF-FUSING  RUBBER  TAPE 

Stretch  and  wrap  rubber  tape  for 
a moisture-tight,  insulating  seal 
on  electrical  connections.  ± 

High  resistance  to  salt  water,  f 
steam,  oil  and  most  chemicals. 

1"  x 16.4’  roll.  A C A 

CAT#  SFT-5  $4l^w 

~ per  roll 


PADDED  UTILITY  CARRY  CASE 

Excellent-quality,  ballistic 
nylon  carry  case.  Exterior 
13"  x 7"  x 10"  high, 

A medical  company  logo 
is  stitched  on  one  side. 

Dark  blue  exterior  and 
black  webbed  nylon 
reinforcement.  Padded, 
except  top  zippered  closure.  Nylon 
lined,  zippered  pockets  on  inside  and  front, 
with  large  lined  side  pockets.  Webbed  nylon 
handles  and  adjustable,  m ft  |? 

padded  shoulder  strap. 

each 


CAT#  CSE-96 


CORDLESS  SCREWDRIVER 

A good-quality  cordless 
screwdriver  with 
plenty  of  torque.  Reversible.  130  RPM, 
no-load.  Operates  on  4 AA  cells,  rechargeable 
or  standard  Uses  standard  1/4”  hex  bits  Hex 
bits  and  batteries  not  included.  A A 
CAT#  SDR-3 


I FI 


HYBRID  XLR  & 1/4 1 
STEREO  JACK 

Neutrik  # NCJ9FI-H,  Space  saving 
combination  of  2 connectors  in  one 
plastic  housing,  3-pole  XLR  recept- 
acle and  a switching  1/4"  stereo  phone 
jack  in  one  XLR  housing.  Many  devices  have 
two  input  connectors  (balanced  XLR  and  un- 
balanced jack).  But  in  almost  all  cases  only 
one  input  is  used  at  a time,  so  the  combo  jack 
reduces  space,  costs  and  simplifies  pcb  de- 
sign. XLR  latch.  Rear  panel  mount,  29mm  di- 
ameter hole.  Behind  panel  depth,  25mm, 
Horizontal  pc  mount,  CAT#  XLR-14J 


* 


050 

each 


10  for  $2.30  each 
100  for  $1 .90  each 


STEPPER  MOTOR 
WITH  GEARBOX 

Minebea  NMB-MAT 
#PG35L-048-USCO , Unipolar, 
permanent  magnet  stepper  motor 
with  gear  box.  Drive  voltage:  12Vdc. 

Drive  method:  2-2  phase.  Motor  and  gear  box 
dimensions:  35mm  diameter  x 44mm  long. 
Mounting  holes  on  42mm  centers.  5mm  die, 
shaft  with  a 22mm  dia. metal  gear  installed. 
Four  leads  with  4-pin  female  ^ 1^  Q 


connector.  CAT#  SMT-365 


$ 


R50 

w each 


250K  AUDIO  POT  W/  SWITCH 


250K  Ohm,  audio  taper 
potentiometer  with  DPDT, 
push-pull  switch.  6mm  knurled,  split 
shaft.  8mm  diameter  threaded  bushing 
is  13mm  long.  New  pots  - prepped  with  \'l 
wires  and  a 9V  battery  snap  ^fl  A A w 

CAT#  ATPS-250K  $ 1^ 

i each 


12  VDC  FLASH  ASSEMBLY 

Bright  xenon  strobe  assembly 
with  horseshoe  flash  tube. 
Approximately  80  flashes 
per  minute.  65  x 75mm  * 

PC  board,  12  Vdc 
operation.  ^9  A A 

CAT#  FSH-13 


ROTARY  SWITCH , 
2-POLE,  3-POSmON 

2-pole,  3 position  rotary  switch. 
9mm  threaded  bushing.  6mm 
knurled,  split  shaft  is  10mm  long. 
Solder  lug  terminals,  ft  f" 

CAT#  RSW-50  © 


each 


10  for 
750  each 


SOLDERABLE 
PERF BOARD 

Line  pattern. 

1mm  holes  on  0,1"  grid 
100  X 80  mm  single- 
sided epoxy  board. 

CAT#  ECS-6 


LITTLITE®  GOOSENECK  TASK 
LIGHT,  USED 

18"  gooseneck  with  adjustable  shade 
12V  incandescent  lamp  with  integrated 
rotary  dimmer/switch.  3M  x 1"  metal  base. 

6'  20/2  cord,  1815  (14V/200mA)  bayonet 
base  lamp.  Power  supply  not  included. 
Recommend  our  CAT#  PS-1251  or  12V, 
200ma  wall  transformer, 

Note:  lamps  are  used,  removed 
from  equipment.  They  are  in  good 
condition,  but  have  scratches 
and  blemishes.  A A 

CAT#  LT-17 

w each 


BREADBOARD, 

840  CONTACTS 

Breadboards  accommodate  all 
sizes  of  dips  and  discrete  com- 
ponents. Interconnect  with  solid 
hook-up  wire  (#22  AWG  recom- 
mended). Wires  and  components 
can  be  used  and  re-used  many 
times  without  damage  to  board 
or  components.  Dual  row  of 
buss  terminals  on  each  side  of 
terminal  strip, 

CAT#  PB-84G 


shop  on-line  www.allelectronics.com 

ORDER  TOLL  FREE  1-800-826-5432 


MAIL  ORDERS  TO: 

ALL  ELECTRONICS  CORR 
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E-MAIL  allcorp@allcorp.com 


V/SA 


NO  MINIMUM  ORDER  * All  Orders  Can  Be  Charged  to  Visa,  Mastercard,  American  Express  or  Discover  * Checks  and  Money  Orders  Accepted  by  Mail  ■ Orders 
Delivered  in  the  State  of  California  must  include  California  State  Sales  Tax  • NO  C.G.O  * Shipping  and  Handling  $7.00  for  the  48  Continental  United  States  - ALL 
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ElPololu 

Robotics  & Electronics 


WWW*  POLOLU  * COM 


www.canakit.com 


* Over  200  Kits  & Modules  to  choose  from! 

* Easy  Worldwide  Online  Ordering 

* Fast  Delivery  & Same  Day  Shipping 

FM  Transmitters  * Timers  • Audio  Amplifiers  « Motor  Controllers 


itoav. j a rra ey/riEi.  com  ms 

AfA/FbA  Broadcasters  ■ Hobby  Kits 
Leaning  Kits  * Test  Equipment 

..AND  LOTS  OF  NEAT  STUFF ! 


|PP  Add  USB  to  your  next  project— 
U9D  it’s  easier  than  you  might  think! 


• USB-FIFO  * USB-UART  • USB/Microcontroller  boards 
• RFID  Reader/Writer  • ZigBee  Ready  Transceivers 
www.dlpdesign.com 

Absolutely  NQ  driver  software  development  required! 


THE  ORIGINAL  SINCE 


PCB-PnrjL' 


* Low  Cost  PCB  prototypes 

■ Free  laser  SMT  stencil 
with  all  Proto  orders 


Beta  LAYOUT 


Complete  Fabrication  Center 

Integrated  Ideas  & Technologies.  Inc. 
Precision  Laser,  Waterjet,  Plasma,  Machining, 
Forming,  and  Welding  Capabilities 

www.iltmetalfab.com 


."'Now  available  in  the 
Nuts  & Volts  webstore 
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For  the  ElectroNet 
online,  go  to 

www.Hiitsvolts.com 
click  f lem-Het 


Electronic  Parts  & Supplies 
Since  1967 


Electronic  Music  Kits  and  More, 
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Analog  Synthesizers 
Guitar  Effects 
Tube  Electronics 
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FUNDAMENTALS 


FOR  THE 
BEGINNER 


Build  an  Automatic 
Night  Light 


A kit  for  these  experiments  can  be  purchased  from  the  Nuts  & Volts  Webstore  at  www.nutsvolts.com  or  call  us  at  800-783-4624. 


The  circuit  in  this  experiment  can  act  like  an  automatic  security 
system.  When  the  room  gets  dark,  the  LEDs  light  up. 

1.  Build  the  Circuit. 

Using  the  schematic  along  with  the  pictorial  diagram,  place  the 
components  on  a solder  less  breadboard  as  shown.  Verity  that  your 
wiring  is  correct. 

2.  Do  the  Experiment. 

Theory:  The  photocell  is  in  parallel  with  the  base/emitter  circuit  of 
the  transistor.  Because  the  photocell  and  transistor  act  like  two  resistors 
in  parallel,  the  amount  of  current  through  the  transistor  depends  on  the 
resistance  of  the  photocell.  The  higher  the  resistance  in  the  photocell, 
the  greater  the  current  through  the  transistor.  So,  the  more  current 
passing  through  the  transistor,  the  more  current  running  through  the 
LEDs,  The  more  current  in  the  LEDs,  the  brighter  they  shine. 

Procedure:  Connect  a nine-volt  battery  to  the  battery  snap  and  observe  the 
LEDs.  This  circuit  causes  the  LEDs  to  be  brightest  during  the  night  and 
dimmest  during  the  day. 


AAA 


RESISTORS 


R1 


R2 


7a 


19a 


47  ohms,  (Yellow,  Violet,  Black,  Gold) 

6d  ....  19d 


16,000  ohms,  (Brown,  Blue,  Orange,  Gold) 


+ 


Hi- 


BATTERY 


19e 


22f 


ohm 


PICTORIAL 

DIAGRAM 

Flat  Side 


LED2 


G KOI 033  47  ohm  resistor 

GK01094  16,000  ohm  resistor 

GK18001  NPN  Transistor 
GK33008W  100K  potentiometer 
GK06001  LEDs 
GK45028  Photocell 
GK35002  Battery  Snap 
GK45008  Wires 


These 
experiments 
are  provided 
by  GSSTechEd  at 
www.gssteched.com 
You  can  order  parts 
for  this  experiment 
from  their  website 
as  follows: 


LIGHT  EMITTING  DIODE  (LED) 


LED  1 


LED  2 


anode 

7c 

cathode 

5c 

anode 

5a 

/ / 

Flat  Side  Shorter  Lead 


WIRES 

W1  = 5h  AND  22g 

W2  = 1j  and  5j 

W3  - 3e  and  3f 
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■ BY  L.  PAUL  VERHAGE 


PROGRAMMING  THE 
NEARSPACE  ULTRALIGHT 


This  month,  we  cover  the  programming  of  the  U Itra Light's  Tiny  Trak:  the 
APRS  system  responsible  for  transmitting  regular  position  reports  of  the  near 
spacecraft.  Unlike  the  PICAXE-28  (which  you  program  for  each  mission),  you 
program  the  Tiny  Trak's  parameters  just  once.  These  parameters  — set  by  the 

Tiny  Trak  Configuration  Editor  — describe  what  position  data  the 

Tiny  Trak  is  to  transmit  and  how  often. 


The  Tiny  Trak  3 used  in  the  NcarSpace  Ultralight  is  an 
inexpensive  Automatic  Packet  Reporting  System 
(APRS)  transmitter.  It  receives  input  from  an  attached  GPS 
receiver  and  reformats  the  data  into  position  reports  that  it 
sends  through  amateur  radio.  The  position  reports  are 
essentially  serial  data  transmitted  as  a series  of  two  tones: 
1,200  and  2,200  Hz.  Over  the  radio,  they  sound  like  short 
bursts  of  scratchy  noise.  The  two  GPS  sentences  used  as 
input  to  the  Tiny  Trak  are  the  GPS  receiver's  GCA  and 
RMC  sentences.  The  position  report  transmitted  by  the 
Tiny  Trak  therefore  includes  the  time,  latitude,  longitude, 
altitude,  speed,  and  heading. 

Byon  Garrabrant  N6BG  developed  the  Byonics  Tiny 
Trak  3 as  a simple-to-use  APRS  tracker  that's  perfect  for 
high  altitude  balloons.  Unlike  many  APRS  trackers,  this 
one  does  not  receive  and  decode  APRS  data;  it  only 
transmits  position  reports.  Parameters  loaded  into  the  Tiny 
Trak  by  Byonic's  free  Tiny  Trak  3 Configuration  Editor 
describe  to  the  tracker  how  it  is  to  report  its  position  and 
under  what  conditions.  These  parameter  settings  are 
stored  in  EE  PROM  so  the  Tiny  Trak  is  ready  to  transmit 
position  reports  upon  powering  up.  Therefore,  before 
going  any  further,  your  first  step  is  to  download  the  Tiny 
Trak  Configuration  software  from  www.byonics.com  and 
install  it  on  your  PC. 

For  your  next  step,  you  need  to  make  a three-wire 
programming  cable.  This  cable  swaps  pins  2 and  3 
between  two  female  DB-9  connectors  and  leaves  pin  5 

■ FIGURE  1.  Since  I make  a lot  of  near  space  flight 
computers,  I built  this  durableTinyTrak  programming 
cable.  Its  durability  comes  from  the  fact  that  the  hollow 
space  inside  of  each  DB-9  jacket  is  filled  with  hot  glue.  Note 
that  there  are  only  three  wires  between  the  two  female 
DB-9  connectors.  Pin  2 of  one  DB-9  connects  to  pin  3 of  the 
other  DB-9  and  pin  5 in  each  DB-9  connects  together, 


connected  between  both  DB-9s,  Since  this  cable  is 
needed  just  once  to  program  the  Tiny  Trak,  don't  go  to 
elaborate  lengths  to  make  it;  unless,  of  course,  you  plan  to 
program  several  flight  computers  or  change  the  settings  of 
the  Tiny  Trak  each  time  you  fly  a mission  (Figure  1 ). 

Now  you're  ready  to  program  the  Tiny  Trak. 

Whenever  you  program  the  Tiny  Trak,  remove  the 
transmitter  from  the  Ultra  Light  because  we  don't  want  the 
Tiny  Trak  transmitting  without  an  antenna.  In  fact,  never 
power-up  the  Ultra  Light  before  removing  the  transmitter  or 
attaching  an  antenna.  Letting  the  radio  transmit  when  no 
antenna  is  attached  is  a sure  way  to  damage  the  radio. 
When  the  Tiny  Trak  3 Configuration  Editor  starts,  the 
screen  looks  like  Figure  2,  sans  the  red  circles  and  letters. 

First,  note  that  there  are  two  tabs  in  the  Editor: 

Primary  and  Secondary.  These  two  tabs  permit  the  Tiny 
Trak  to  operate  under  two  different  settings  during  a single 
near  space  mission.  The  Tiny  Trak  settings  under  the 
Primary  tab  are  in  effect  while  the  PICAXE-28X  output  pin 
5 is  low;  the  Secondary  settings  are  in  effect  when  the 
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■ FIGURE  2,TheTinyTrak  3 Configuration  Editor  sereen.The 
circled  fields  are  the  ones  you  will  set  for  your  Ultralight. 


FdCAXE's  output  pin  5 is  high.  An  example  of  where  you 
might  wanl  lo  implement  Primary  and  Secondary  settings 
is  on  ascent  and  descent.  Since  the  desceni  lakes  place 
over  a shorter  length  of  time  and  is  critical  for  the 
successful  recovery  of  the  near  spacecraft,  my  Ultralight 
transmits  position  reports  more  frequently  on  descent  than 
it  does  on  ascent  (once  every  30  seconds  as  opposed  to 
once  every  60  seconds). 

Now  a word  about  APRS  settings  in  near  space 
applications.  A near  spacecraft  at  1 00,000  feet  sees  a 
horizon  roughly  400  miles  away.  Even  though  the  Tiny 
Trak  only  has  a 500  tnW  transmitter,  that's  still  enough 
transmitting  power  to  communicate  with  every  APRS 
station  within  that  400  mile  radius.  Unlike  a ground-based 
APRS  station  that  has  a much  more  limited  horizon,  a near 
spacecraft  can  swamp  the  APRS  network  if  bad  APRS 
parameters  are  set.  Please  consult  you  local  amateur  radio 
club  to  see  what  setting  they  recommend  for  your 
Ultra  Light  flight  computer.  In  this  article,  i'll  recommend 
what  should  be  good  settings,  but  it  still  pays  to  double- 
check. Now,  let's  step  through  the  circled  fields  in  the 
Configuration  Editor  and  explain  what  their  settings  should 
be  for  the  Ultra  Light  flight  computer, 

A.  Callsign.  In  this  field,  enter  the  callsign  assigned  to 
you  by  the  FCC  after  successfully  passing  your  amateur  radio 
test.  Unlike  other  forms  of  amateur  radio  communication, 
APRS  allows  multiple  stations  to  use  the  same  callsign. 
Each  station  is  still  identified  as  a unique  station  because 
of  the  $51 D attached  to  the  callsign.  SSIDs  are  numbers 
ranging  from  0 to  1 5 that  append  to  the  end  of  the 
callsign.  A dash  (-)  is  used  to  separate  the  callsign  from  its 
SSID  like  this:  KD4STH-1 1.  Usually,  "dash  eleven"  is  the 
SSID  given  to  high  altitude  balloons.  If  you  have  more 
than  one  Ultra  Light  flight  computer  flying  at  the  same 
time,  then  make  sure  each  one  has  a different  SSID  (which 
can  be  different  than  -11).  And  don't  forget,  the  SSID  must 
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also  be  different  from  the  SSID  for  your  chase  vehicle. 

B.  Digi  Path.  This  field  tells  ground  stations  how 
many  times  they  are  permitted  to  repeat  position 
reports  from  the  UltraLight.  In  the  amateur  radio 
community,  we  say  this  is  the  number  of  hops 
permitted  for  each  position  report.  The  digi-path  is 
where  you  need  to  exercise  some  restraint. 
Retransmitting  a single  position  report  just  barely 
received  by  a single  APRS  station  makes  sure  everyone 
in  the  network  is  aware  of  your  position.  The  problem 
occurs  when  lots  of  APRS  stations  receive  your 
position  report  and  the  stations  are  permitted  to 
retransmitt  the  reports  lots  of  times. 

This  massive  repeat  can  swamp  the  APRS  network 
with  multiple  copies  of  a single  position  report.  !l  gets 
worse  when  a high  altitude  near  spacecraft  transmits 
its  position  reports  frequently.  So,  please  consult  with 
amateur  radio  operators  in  your  neck  of  the  woods  to 
determine  a good  setting,  but  a setting  of  WIDE2-1  is 
probably  fine.  It  will  allow  each  UltraLight  position  report 
to  be  repeated  twice. 

C.  Auto  Transmit  Rate.  This  field  indicates  how 
frequently  the  Tiny  Trak  will  send  position  reports.  The 
default  is  once  every  iwo  minutes  (120  seconds).  I 
recommend  changing  this  field  to  60  seconds  under  the 
Primary  tab.  I believe  a case  can  be  made  for  more 
frequent  auto  transmit  rates  in  the  Secondary  tab,  perhaps 
once  every  30  seconds  if  the  Secondary  settings  are  used 
during  descent.  A more  frequent  auto  transmit  rate  is 
helpful  to  the  recovery  crew  when  the  near  spacecraft 
lands  in  a region  without  a lot  of  APRS  stations  to  repeat 
its  position  reports,  in  that  case,  chase  crews  can  only  rely 
on  direct  reception  of  position  reports  by  the  UltraLight  as 
they  drive  around.  Jf  the  UltraLight  transmits  more  frequently 
after  landing,  then  recovery  crews  will  most  likely  receive 
one  of  these  reports  and  locate  the  near  spacecraft. 

D.  Status  Text.  The  text  entered  in  this  field  is 
appended  to  the  end  of  some  position  reports.  How 
frequently  the  text  is  included  in  a transmission  is 
indicated  in  the  Send  Every  field.  The  status  text  is 
typically  a short  informative  message  about  the  flight 
computer  or  the  mission  — like  1 heir  names.  This  field  is 
one  you  might  want  to  change  on  every  mission. 

E.  Send  Altitude,  Make  sure  to  check  this  box.  The 
altitude  is  one  of  the  most  important  fields  in  a position 
report  of  a near  spacecraft. 

F.  MIC-E  Settings  Enabled.  Uncheck  this  field.  MIC  E 

is  a way  of  appending  digital  position  reports  to  the  end  of 
every  audio  transmission.  The  Tiny  Trak  on  the  UltraLight 
is  not  part  of  a handheld  radio,  so  MIC-E  is  unnecessary. 

G.  Time  Slotting  Enable.  Time  slotting  controls  how 
many  seconds  after  the  minute  that  the  UltraLight 
transmits  its  position  report.  You  can  check  this  box  if  you 
would  like,  however,  you  should  check  it  if  several  near 
space  flight  computers  are  being  launched  together.  By 
using  time  slotting,  each  near  spacecraft's  transmission 
occurs  after  different  times  so  there  is  no  collision 
between  position  reports.  How  long  after  each  minute  the 


NEAR  SPACE 


position  report  is  transmitted  is  indicated  in  field  J. 

H.  Smart  Beaconing  Enable.  Do  not  check  this  field. 

Smart  beaconing  is  a way  of  reducing  radio  traffic  by  not 
transmitting  as  frequently  when  the  APRS  station  is  not 
changing  its  speed  or  heading.  Chase  crews  need  near 
spacecraft  position  reports  reported  at  regular  and 
dependable  intervals,  regardless  of  how  the  balloon  is 
drifting.  The  regular  position  reports  are  also  data  from 
your  mission. 

J.  Time  Stamp  HMS.  When  checked,  Tiny  Trak 
position  reports  contain  a time  stamp  in  the  format  of 
hours,  minutes,  and  seconds.  The  alternative,  days,  hours, 
and  minutes  (DHM)  is  not  useful,  as  a lot  will  happen  to 
the  near  spacecraft  over  timespans  of  seconds.  In 
addition,  a typical  near  space  mission  spans  a few  hours 
at  most.  Including  the  day  and  not  seconds  in  a position 
report  is  pointless. 

j.  Transmit  Offset  If  Time  Slotting  is  enabled,  this  field 
indicates  how  many  seconds  after  the  minute  position 
reports  are  transmitted.  Set  this  field  to  a time  that  does 
not  conflict  with  the  time  slotting  of  other  flight  computers. 


TINY  TRAK  POSITION  REPORTS 

Here's  what  the  position  reports  from  the  Tiny  Trak  look 
like,  I downloaded  this  from  http://APRS.fi  as  raw  data. 

KD4STH- 12  >APT3 11 , WIDE2-1 , qAR, KOKU: / 
114933h3857.47N/09515.2  8W>289/ 000 / A= 000 977 

KD4STH- 12  >APT3 11 , WIDE2-1 , qAR, KOKU : / 

1 1 5 0 3 3h3  8 57 . 4 8N/ 0 9 5 1 5 . 2 8W>2  89 / 000  /A=  0 D 10  0 0 / 
NearSys  UltraLight  Ascent 

About  half  of  each  position  report  is  not  useful  to  us. 
What  is  useful  begins  after  the  colon-slash  (:/}.  Each 
position  report  after  the  :f  follows  this  format: 

time  (UTC),  h,  latitude,  N/,  longitude,  W>,  heading  (true 
north),  /,  speed  (knots),  /A-,  altitude  (feet),  /,  optional 
message. 


SOME  NOTES 

Time  is  given  in  hours,  minutes,  and  seconds  with  a 
colon  separation. 

Latitude  and  longitude  are  in  degrees  and  minutes, 
without  a separator  between  the  degrees  and  minutes. 

To  convert  knots  (nautical  miles  per  hour)  into  miles 
per  hour,  mutiply  by  1.15. 

That  completes  the  programming  of  the  Tiny  Trak,  The 
next  column  will  briefly  describe  the  programming  of  the 
PICAXE  microcontroller  and  a suitable  antenna  design. 

Until  then,  try  out  the  Tiny  Trak  3 Configuration  Editor. 

Onwards  and  Upwards, 
Your  near  space  guide  NV 


Back-to-school  discounts 
on  basic  kits  at  paia.com 


Electronic 


for  Enthusiasts 


Kits 


PAiA  9700s 

Modular  Synthesizer 


■r^ 


S£*  ™ ^ ™ ritw: 


FatMan 

Analog  MIDI  Synth 


Theremax 

The  Ultimate  Therem  in 


Check  out  these 
and  other  exciting 
D.IX  projects! 


paia.com  Music/Tutorials/Kits 
Guitar  Effects 
Tube  Electronics 
Studio  Gear 
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ELECTRONICS 


15  Dangerously  Mad  Projects  for 
the  Evil  Genius 

by  Simon  Monk 

UNLEASH  YOUR 
INNER  MAD 
SCIENTIST! 

This  wickedly 
inventive  guide 
explains  how  to 
design  and  build  1 5 
fiendishly  fun 
electronics  projects 
Filled  with  photos 
and  illustrations,  /5 
Dangerously  Mad 

Projects  for  the  Evil  Genius  includes 
step-by-step  directions,  as  well  as  a 
construction  primer  for  those  who  are 
new  to  electronics  projects 

$24.95 


15 

□RNGERDU5LY 

mRO  PROJECTS 

I "-EVIL 

GENIUS 

L ^—-r- 

I 36  SiftlON  mOKK 


Master  and  Command  C 
for  PIC  MCUs 

by  Fred  Eady 
Master  and  Command  C 
for  P/C  MCU,Vb/ume  / 
aims  to  help  readers 
get  the  most  out  of 
the  Custom  Computer 
Services  (CCS)  C 
compiler  for  PIC 
microcontrollers. 

The  author  describes 
some  basic  compiler 
operations  that  will  help  programmers  — 
particu  Early  those  new  to  the  craft  — 
create  solid  code  that  lends  itself  to  easy 
debugging  and  testing. As  Eady  notes  in  his 
preface,  a single  built-in  CCS  compiler  call 
(outputbit)  can  serve  as  a basic  aid  to  let 
programmers  know  about  the  ''health11  of 
their  PIC  code. 

$14*95 


How  to  Diagnose  and  Fix 
Everything  Electronic 

by  Michael  Jay  Geier 

Master  the  Art  of  Electronics  Repair! 

In  this  hands-on 


guide,  a lifelong 
electronics  repair 
guru  shares  his  tested 
techniques  and 
invaluable  insights. 
How  £o  Diagnose  and 
Fix  Everything 
Electronic  shows  you 
how  to  repair  and 
extend  the  life  of  all 
kinds  of  solid-state 


devices,  from  modem  digital  gadgetry  to 
cherished  analog  products  of  yesteryear. 


About  the  Author 

Michael  jay  Geier  began  operating  a neigh- 
borhood electronics  repair  service  at  age 
eight  that  was  profiled  in  The  Miami  News, 

$24.95 


tinyAVR  Microcontroller  Projects 
for  the  Evil  Genius 

by  Dhananjay  Gadre  and 
Nehul  Malhotra 

Using  easy-to-find 
components  and 
equipment,  this 
hands-on  guide  helps 
you  build  a solid 
foundation  in 
electronics  and 
embedded 
programming  while 
accomplishing  useful 
- — and  slightly  twisted  — projects.  Most  of 
the  projects  have  fascinating  visual  appeal  in 
the  form  of  large  LED-based  displays,  and 
others  feature  a voice  playback  mechanism. 
Full  source  code  and  circuit  files  for  each 
project  are  available  for  download. 

$24.95 


tinyR  VR 
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Build  Your  Own 
Electronics  Workshop 

by  Thomas  Petruzzellis 


SU/LDYOUR  OWN 

DREAM 

ELECTRON/CS  LAB/ 

This  value-packed 
resource  provides 
everything  needed  to 
put  together  a fully 
functioning  home 
electronics  workshop! 
From  finding  space  to 
stocking  it  with 


components  to  putting  the  shop  into 
action  — building,  testing,  and 
troubleshooting  systems.This  great  book 
has  it  all!  And  the  best  part  is,  it  shows  you 
how  to  build  many  pieces  of  equipment 
yourself  and  save  money,  big  time! 

Reg  Price  $29.95 
Sale  Price  $24.95 


Electronics  Explained 

by  Louis  Frenzel 
The  New  Systems  Approach  to 
Learning  Electronics 
Don't  spend  time 
reading  about  theory, 
components,  and  old 
ham  radios  - that's 
history!  Industry 
veteran,  Louis  Frenzel, 
gives  you  the  real 
scoop  on  electronic 
product  fundamentals 
as  they  are  today. 

Rather  than  tearing 
electronics  apart  and 
looking  at  every  little 
piece,  the  author  takes  a systems-!  eve  I view. 
For  example,  you  will  not  learn  how  to 
make  a circuit  but  how  a signal  flows  from 
one  integrated  circuit  (1C)  to  the  next,  and 
so  on  to  the  ultimate  goal, 

$29.95 


ELECTRONICS 

EXPLAINED 


Uxth  E.  F«tti:Z£il+. 
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Making  Things  Move: 

DIY  Mechanisms  for  Inventors, 
Hobbyists,  and  Artists 

by  Dustyn  Roberts 


In  Making  Things  Move: 

DIY  Mechanisms  for 
Inventors , Hobbyists,  and 
Artists,  you'll  learn  how 
to  successfully  build 
moving  mechanisms 
through  non-technical 
explanations,  examples, 
and  do-it-yourself 
projects  — from  kinetic 
art  installations  to  creative  toys  to  energy- 
harvesting  devices.  Photographs, 
illustrations,  screenshots,  and  images  of  3D 
models  are  included  for  each  project. 
$29.95* 


TEARDOWNS 
kv  Bryan  Bergeron 
Learn  How  Electronics  Work 
by  Taking  Them  Apart 

Amp  up  your  knowledge 
of  electronics  by 
deconstructing  common 
devices  and  analyzing  the 
revealed  components 
and  circuitry.  Teardowns: 

Learn  How  Electronics 
Work  by  Taking  Them 
Apart  contains  1 4 
projects  that  expose  the 
inner  workings  of  household  appliances, 
workbench  measuring  instruments,  and 
musical  equipment.  Discover  how  resistors, 
capacitors,  sensors,  transducers,  and 
transistors  function  in  real  circuitry 
Reg  $24.95  Sale  Price  $21 .95 


PIC  AXE  Microcontroller  Projects 
for  the  Evil  Genius 

by  Ron  Hackett 

This  wickedly 
inventive  guide 
shows  you  how  to 
program,  build,  and 
debug  a variety  of 
PICAXE 
microcontroller 
projects.  PICAXE 
Microcontroller 
Projects  for  the  Evil 
Genius  gets  you  started  with 
programming  and  I/O  Interfacing  right  away, 
and  then  shows  you  how  to  develop  a 
master  processor  circuit. 

$24.95 


Making 

Things  j^fove 
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BOOK  & KIT  COMBOS 


C Progranwkg  for 
'Mkroconrrollrrs 


Book  $44.95 


From  the 
Smiley  Workshop 
C Programming  for 
Microcontrollers 

by  Joe  Pardue 


iiih|i  pirl> 


I inaiiMlMi 


Kit  $66,95 


Do  you  want  a low  cost  way  to  learn  C programming  for 
microcontrollers?  This  300  page  book  and  software  CD  show  you 
how  to  use  ATMEL's  AVR  Butterfly  board  and  the  FREEWinAVR 
C compiler  to  make  a very  inexpensive  system  for  using 
C to  develop  microcontroller  projects. 

Combo  Price  $99.95  Plus  S/H 


From  the 
Smiley  Workshop 
An  Arduino 
Workshop 

by  Joe  Pardue 


The  book  An  Arduino  Workshop  and  the  associated  hardware  projects 
kit  bring  all  the  pieces  of  the  puzzle  together  in  one  place. With  this, 
you  will  learn  to;  blink  eight  LEDs  (Cylon  Eyes);  read  a pushbutton  and 
8-bit  DIP  switch;  sense  voltage,  light,  and  temperature;  make  music  on 
a piezo  element;  sense  edges  and  gray  levels;  optically  isolate  voltages; 
fade  an  LED  with  PWM;  control  motor  speed;  and  more! 

An  Arduino  Workshop  Combo 

Reg  Price  $ 124.95  Subscriber’s  Price  $1  19.95  Plus  S/H 


Pi uWrsbcd  ntoftihdy  by 

T £ L Publications^  Ini 

-.WiVi 


CD-ROM  SPECIALS 


Nuts  & Volts  nJ< 

L 2004  Er 


U0luffl*2VN&  M2 


Nuts  & Volts  I 

2005  MVm 

UTS1V0LTS  Cl M'  ! 
L 2006  I S,  NUTS  I VOLTS 


V<Mumt  27,  NO,  M2 


2007 

ilume  28,  No  f-12 


1 p mNUTS  VOLTS 

2008  RM 

umt  29,  No.  M2  - 

NUTS ! VOLTS- 

L 2009 


Volumn  Niv  1-19  fflff 


NUTS  1 VOLTS 

L 2010 


Volume  31*  No.  1-12 


■pn;d  "Tui  n!hly  bv  ™ 

Pub  I if  ati  an  t#  line. 


This  lab  — from  the  good  people  at  GSSTech 
Ed  — will  show  you  40  of  the  most  simple  and 
interesting  experiments  and  lessons  you  have 
ever  seen  on  a solderless  circuit  board. As  you 
do  each  experiment,  you  learn  how  basic 
components  work  in  a circuit, Along  with  the 
purchase  of  the  lab,  you  will  receive  a special 
password  to  access  the  fantastic  online 
interactive  software  to  help  you  fully 
understand  at!  the  electronic  principles.  For  a 
complete  product  description  and  sample 
software,  please  visit  our  webstore, 

Reg  Price  $79.95  Subscriber’s  Price  $75,95 


POCKET 


Thomas , 


■VPRVTUlHdi  FOft  CUtlFtOttPtS 

p^w.rKJta-vc-ttf . eem 


This  great  little 
book  is  a concise 
all-purpose 
reference 
featuring 
hundreds  of 
tables,  maps, 
formulas, 
constants,  and 
conversions. 
AND  it  still  fits  in 
your  shirt  pocket! 
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PROJECTS 


32-Bit  Micro  Experimenter  Board 


Piezoelectric  Film  Speaker  Kit 


CHIPINO  Kit 


The  new 

32-Bit  Micro 
Experimenter  is 
the  fastest  way  to 
learn  32-bit 
microcontrollers. 

The  kit  includes  onboard  46 
programmable  I/O  and  USB,  free  software, 
carefully  documented  step-by-step 
experiments  for  USB,  embedded  web 
server, graphics  & audio,  wireless,  RTOS,  and 
file  I/O.  User  pushbuttons,  LEDs,  and  32 
kHz  clock  crystal.  Can  be  used  in  solderless 
breadboard  environment  or  stand-alone. 

Also  supports  Ardui no 
compatible  Interface. 

Subscriber's  Price  $89.95 
Non-Subscriber’s  Price 


As  seen  In  the 
November  2010 
issue,  here  Is  a great 
project  to  amaze 
your  friends  and  to 
demonstrate  a 
unique  way  of 
producing  sound.  Kit 
contains  one  piece 
of  piezoelectric  film, 
speaker  film  stand, 

PCB,  components, audio  input  cable,  and 
construction  manual. All  you’ll  need  to  add 
is  a battery  and  a sound  source. 

For  more  info,  please  visit  our  website. 

Subscriber’s  Price  $69.95 
Non-Subscriber's  Price  $74.95 


The  CHIPINO 


module  Is  an 
electronic 

prototyping 
platform  that  is 
used  fn  a series 
of  articles 
starting  with  the 
March  20  I I issue  of 
Nuts  <£  Volts  Magazine . 

Developed  by  the  CHIPAXETeanrTas  a 
bridge  between  PICs  and  Arduinos.The 
module  was  designed  specifically  to  match 
the  board  outline,  mounting  holes, 
connector  spacing,  and  most  of  the 


microcontroller  S/O  functions  found  on  the 


popular  Arduino  module. 
Subscriber's  Price  $18.95 
Non-Subscriber's  Price  $19.95 


128x64  Graphic  Display  Kit 


New  application  for  the 
1 6-Bit  Micro  Experimenter 

LCD  displays  ...  they  have  been  around  for 
quite  some  time,  but  what  if  you  could  have 
both  characters,  as  well  as  graphic  displays 
at  the  same  time?  With  this  kit,  we  will 
show  you  how  easy  and  inexpensive  this 
technology  can  be  using  the 
16-Bit  Micro  Experimenter. 

Sale  Price  $29.95 
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Mini-Bench  Supply  Complete  Kit 

A small  power 
supply  with  +5V, 

+ 12V,  and  - 12V 
outputs  is  a handy 
thing  to  have 
around  when  you’re 
bread  boarding 
circuits  with 
both  op-amps  and 
'dM.  digital  ICs. 

Kit  includes;  Enclosure  box,  accessories, 
DC-to-DC  converter  kit,  switching 
regulator  kit,  and  article  reprint. 

For  more  information,  please  see  the 
"feature  article  section”  on  the  of  the 
Nuts  & Volts  website. 

Subscriber’s  Price  $76.95 
Non-Subscriber’s  Price  $83.95 


The  Mini  Kit 

The  best  experiment 
yet  for  the  1 6- Bit 
Experimenter 
Board. 

Adding  this  Mini  Kit  to 
your  Experimenter 
Board  will  enhance  the 
Experimenter  The  Mini 
Kit  is  a user  interface 
with  a rotary  encoder  using  the  PIC24F 
timer  peripheral  set  and  its  Interrupt 
capability.  For  more  information,  see  the 
December  2010  issue.  Assembled  units  also 
available. 

Subscriber’s  Price  $36.95 
Non-Subscriber’s  Price  $39.95 


16-Bit  Experimenter  Handbook 


from  the  series 
of  articles  by 
Tom  Kibalo, 
The  Complete 
16- Bit 

Experimenter 
Handbook  on 
CD-ROM! 


This  CD-ROM  handbook  contains: 
200  pages  of  detailed  instructions 
and  41  experiments  with  'C  software 
examples.  Also  includes  the  experiments 
for  the  dsPIC33. 

For  a complete  list  of  kits  and  combos, 
please  visit  our  webstore. 
Subscriber’s  Price  $64.95 
Non-Subscriber's  Price  $69.95 


Transistor  Clock  Kit 
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If  you  like  electronic  puzzles,  then  this  kit 
is  for  you!  There  are  no  integrated 
circuits;  all  functionality  is  achieved  using 
discrete  transistor-diode  logic. The  PCB  is 
IQ”xl  I”  and  harbors  more  than  1,250 
components!  For  more  info,  see  the 
November  2009  issue. 

Reg  $225.95 
Sale  Price  $199.95 

PCBs  can  be  bought  separately. 


ACCEPT  VISA,  MC,  AMEX , and  DISCOVER.  Prices  do  not  include 
shipping  and  may  be  subject  to  change. 


The  Amateur  Scientist  4.0 
The  Complete  Collection 

by  Bright  Science,  LLC 
There  are  1 ,000 
projects  on  this  CD, 
not  to  mention  the 
additional  technical 
info  and  bonus 
features.  It  doesn’t 
matter  if  you’re  a 
complete  novice 
looking  to  do  their 
first  science  fair 
project  or  a super 
tech-head  gadget 
freak;  there  are 
enough  projects  on  the  single  CD-ROM  to 
keep  you  and  50  of  your  friends  busy  for  a 
lifetime! 

Reg  $26.95  Sale  Price  $23.95 
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The  Complete  Idiot's  Guide  to 
Solar  Power  for  Your  Home 

by  Dan  Ramsey  / David  Hughes 


The  perfect  source 
for  solar  power 
— fully  illustrated* 

This  book  helps 
readers 

understand  the 
basics  of  solar 
power  and  other 
renewable  energy 
sources,  explore 
whether  solar 
power  makes 
sense  for  them, 
what  their  options  are,  and  what’s 
involved  with  installing  various  on-  and 
off-grid  systems. 

$19.95 


I seas? 

3 i ns 


Do  you  know  how  many  watts 
{YOUR  MONEY) 
are  going  down  the  drain  from 
"THE  PHANTOM'DRAW?” 

If  you  are 


determine 


To  order  call.  1 .'300  783-4624 
or  online  www.nutsvolts  com 
$29:95  plug  S&H  - ' ' 


Green  Lighting 
by  Brian  Clark  Howard,  Seth 
Leitman,  William  Brinsky 
Flip  the  switch  to 
energy-efficient  lighting! 


This  do-it-yourself 
guide  makes  it  easy 
to  upgrade 
residential  and 
commercial  lighting 
to  reduce  costs  and 
environmental  impact 
while  maintaining  or 
ever  improving  the 
quality  of  the  lighting. 

Filled  with  step-by-step  instructions  and 
methods  for  calculating  return  on 
investment,  plus  recommended  sources 
for  energy-efficient  products. 

$24.95 


50  Green  Projects  for  the 
Evil  Genius 

by  Jamil  Shariff 

Using  easy-to-find 
parts  and  tools,  this 
do-it-yourself  guide 
offers  a wide  variety 
of  environmentally 
focused  projects  you 
can  accomplish  on 
your  own. Topics 
covered  include 
transportation, 
alternative  fuels,  solar, 
wind,  and  hydro  power,  home  insulation, 
construction,  and  more. The  projects  in 
this  unique  guide  range  from  easy  to 
more  complex  and  are  designed  to 
optimize  your  time  and  simplify  your  life! 
$24.95 


Wind  Turbine  installation 
DVD 

Manuals  can  sometimes 
be  confusing,  especially 
for  people  who  learn 
by  seeing  how  things 
work.  So,  this  DVD 
takes  the  viewer 
Step-by-step  through 
the  entire  installation 
process,  from  choosing 
a site,  to  running  wire, 
assembling  the  tower, 
and  finally  using  a winch  for  the  final  lift. 
This  is  a must- watch  for  anyone  planning 
on  installing  a wind  turbine  who  wants  to 
learn  the  process  and  the  proper 
techniques  for  a safe  and 
successful  installation. 

$19.95* 


Solar  Energy  Projects  for  the 
Evil  Genius 

by  Gavin  D J Harper 

Let  the  sun  shine  on 
your  evil  side  — and 
have  a wicked 
amount  of  fun  on 
your  way  to 
becoming  a solar 
energy  master!  In 
Sofor  Energy  Projects 
for  the  Evi/  Gen/us, 
high-tech  guru  Gavin 
Harper  gives  you 
everything  you  need  to  build  more  than 
30  thrilling  solar  energy  projects. You1!! 
find  complete,  easy-to-follow  plans,  with 
dear  diagrams  and  schematics,  so  you 
know  exactly  what's  involved  before  you 
begin.  $24.95 


Hydrocar  Kit 


The  Hydrocar  is  used  in  a couple  of  great 
projects  from  the  series  of  articles  by  John 
Gaviik,  "Experimenting  with  Alternative 
Energy."  In  Parts  10  and  1 1,  he  teaches  you 
the  operation  of  the  Polymer  Electrolyte 
Membrane  "reversible"  fuel  cell. 

For  kit  details  and  a demo  video, 
please  visit  our  webstore. 

Subscriber’s  Price  $89.95 
Non-Subscriber’s  Price  $85.95 


Solar  Hydrogen  Education  Kit 


The  Solar  Hydrogen  Education  Kit  includes 
a solar  cell,  a PEM  reversible  fuel  cell, 
oxygen  and  hydrogen  gas  containers,  and 
more!  The  set  only  needs  pure  water  to 
create  hydrogen  and  produce  electricity. 
Perfect  for  science  labs,  classroom  use,  or 
demonstration  purposes. 

Subscriber’s  Price  $56.95 
Non-Subscriber’s  Price  $59.95 


Wind  pitch  Kit 


The  WindPitch  Wind  Turbine  Kit  is  a 
miniature  real-working  wind  turbine 
and  Is  one  of  the  great  projects  from  the 
series  of  articles  by  John  Gaviik, 
"Experimenting  with  Alternative  Energy." 
In  Parts  8 and  9,  he  teaches  you  how  to 
produce  the  most  power  by  evaluating 
the  pitch  (setting  angle)  of  the 
profiled  blades,  For  kit  details, 
please  visit  our  webstore. 

Subscriber’s  Price  $109.95 
Non-Subscribers  Price  $114.95 
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CLASSIFIEDS 


s 1 

Circuit  Slices 

^ j 

www.Ci  rcu  itSiices.com 

digital  / analog  prototyping  kits 


POOR  MANS  SPECTRUM  ANAIYZER 

f liras  any  oscilloscope  nr  PC  IMG  a 
2MHI  to  Z.15GHI  UF  Spectrum  Analyzer 
Available  as  a IK 

or  kit  with  built  anil  lasted  hoards. 
science-workshop.com 


SAM-Ill  Geomagnetomecer  Kit 

U 3-Axis  - N-Sr  E-w,  Vertical 

□ ± 50,000  nT,  1-2  nT  resolution 

lj  javdc 

□ Complete  kit  includes  software 
U Logging  with  PC  or  standalone 

□ Join  worldwide  magnetometer 
network 

□ Starting  at  US$199.95 

www.reeve.com/SAM3.htm 


High  Quaiitv 

Electronic  Kits  & Modules 


UK1133 


50  AMP  DIGITAL  PW1VI 

(OPTIONAL  DISPLAY} 

FM  Transmitters 
Timers 

Audio  Amplifiers 
Motor  Controllers 
PIC  Programmers  / Arduino 

• * • Custom  Designs  ••• 


www.canakit.com 


Electronic 

Kits 


Fun  and  Educational 


Discount  White  and 
Blue  LEDs 


Quantity 


Discounts  V; 


v t 


f ; \ 

www.bakatronics.com 


QKITS.COM 


50  AMP  PWM 


1 -888-GO  4 KITS 


HUE 


MaxSonar 

Ultrasonic  Ranging  is  EZ 


LV-MaxSonar-EZ 

Power-up  calibration 
Smallest  MaxSonar 
Low  power,  2.5V-5  5V 
$29.95  usa  qty.  1 

MaxSonar-WR  (ipgt) 

* industrial  packaging 

* Weather  resistant 

* Standard  fitting 

* S90.9&U3D  qty.1 

XL-Max5onar-EZ 

Seam  pattern  choice 
Real-time  calibration 
High  acoustic  power 
S 39. 95  use  qty.  $ 

MaxSonar-WRC  (ipg?) 

* Compact  packaging 

■ Weather  resistant 

■ Quality  narrow  beam 

■ 599, 95  us.  l.  qty,  1 

www.maxbotix.com 


EXCLUSIVE  U.S.  DISTRIBUTOR 


YOUR  COMPLETE 
SOLUTION! 

• PCB  Design 

• PCB  Simulation 

• CAD/CAM  Menu 

121747,  Hobby  Vers.,  $175 
121743,  Pro.  Version,  $275 

www.KELVIN.com 


SURPLUS  ELECTRONIC  PARTS  & ACCESSORIES 


Over  10,000 
Items  in  Stock. 


Cables  Hardware  Relays  Switches 

Connectors  L£Ds  Semiconductors  Test  Equipment 

Displays  Motors  Service  Manuals  Toots 

Fans  Potentiometers  Speakers  VCR  Parts 


Surplus  Material  Components  No  Minimum  Order. 

SMC  ELECTRONICS  Credit  Cards  and  PAYPAL  Accepted, 
www.smcelectronics.com  Flat  $4.95  per  order  USA  Shipping. 


RF  PARTS'  CO. 

Tubes,  Transistors,  Power  Components 

Email:  rfp@rfparts.com  * Web:  www.rfparts.com 

800-737-2787  Fax  888-744-1943 


U LEDs  U 

Super  Brights  from  204 
RGB  Color  Mixing  30  Pack  $6.99 
Assortment  120  Pack  $24.99 
Shipping  from  $3.00 

Alan-Parekh.com/Store 


uM-FPU  V3.1 

Floating  Point  Coprocessor 

32-bit  IEEE  754 
SPI  or  I2C 
DIP-18,  SOIC-18 

New  full  featured  Compiler 

Extensive  floating  point  support, 
GPS  input,  FFT,  1 2-bit  A/D,  matrix 
operations,  user-defined  functions. 

www.  m icromegacorp  .com 


WA 

ITEI 


DEC  EQUIPMENT 
WANTED!!! 

Digital  Equipment  Corp. 
and  compatibles. 

Buy  - Sell  - Trade 

Call  Keyways  937-847-2300 
or  email  buyen@keyways.com 


www.nutsvolt5.com 


* Circuit  board  layouts 
^?vckck,\jpe  a^emb\\ea 

WWW.OSPREYELECTRONICS.COM 

Convert  your  sketch  or  print  into  a quality] 
peb  for  a reasonable  price.  Visit  us  oh 
the  web  or  call  Osprey  Eiectiontcs  at 
f 208 > 664  1089  (USA)  | 


China  Direct 


$0,007  per  soldering  point 
2 layer  PCBs  $0.14/in2 
Small  jobs  welcome 


FLEXREV.COM 


Looking 
for  robot 
stuff  to 
read 
about  and  build? 
Then  check  out 
SERVO  Magazine! 


www.  servo 
magazine.com 
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Reader  Feedback 


Continued  from  page  51 


suggested  as  that  would  best  match 
the  relatively  high  output  impedance 
of  the  device;  32R  ones  would  still  be 
satisfactory ; although  a little  less  loud. 
Lower  impedances  such  as  SR  are 
probably  best  avoided. 

Jonathan  Berber 

WITHOUT  A TRACE 

The  bat  detector  article  in  the 
June  '1 1 issue  is  a very  interesting 
project;  one  that  1 might  give  a try. 
Two  points/questions,  though. 

in  Figure  5 (board  layout),  it 
looks  like  there  should  he  a cut  in  the 
Vero  board  trace  underneath 
capacitor  C4.  Also,  there  is  no 
connection  to  the  battery  negative. 
There  should  be  a connection 
between  the  trace  in  the  lower  left 
corner  and  the  trace  to  its  left. 

jimmy  101 


Response: 

Michael  is  correct  There  should 
be  a link  between  the  battery 
negative  (black)  wire  in  the  lower  left- 
hand  corner  and  the  adjacent  trace. 

The  drawing  here  shows  ail  of  the 
track  cuts , and  just  as  importantly  it 
also  shows  the  four  wire  links  that  are 
required  on  the  copper  side  of  the 
board . Without  these  links  the  circuit 
will  not  of  course,  work.  (This  file  is 
available  on  the  NV  website.) 

Jonathan  Berber 


GO  FIGURE 


i a a u 


123x4 


Figure  3 
in  my  June 
y1 1 Q & A 
column  does 
not  show 
the  pinout 
for  the  USB 
battery 
charger.  I 
had  two 

Figure  3s  in  the  write-up,  but  only 
one  in  the  list  of  figures.  The  missing 
Figure  3 is  shown  here, 

Russ  Kincaid 


A 

B 


MINI 


SOURCE  MIA 

Ron  Hackett’s  PIC  AXE  column  for 
June  was  very  interesting  but  lacked  a 
source  for  the  AXE401  shield  base. 

A search  of  the  Internet  at 
Revolution  Education  and  their  listed 
distributers  gave  no  information.  Can 
you  help? 

Allen  Baker 


Response: 

I thought  for  sure  I had  given  a 
specific  reference  for  the  AXE40 1 
board,  but  I just  re-read  the  column ; 
and  all  I said  was  that  its  available 
from  Revolution  Education . (Sorry 
about  that/) 

Vol/  can  find  it  by  going  to  the 
PIC  AXE  website  (www.rev-ed.co. 
uk/pkaxe/j,  clicking  on  the  ", Buy 
Online  - Prices"  link  on  the  left  edge 
of  the  page,  entering  the  store , and 
choosing  the  PICAXE-28X2  Shield 
Base. 

If  you  prefer,  here's  the  direct 
link:  wwwAechsvpptiesxoMkf 
P/CAXE 

Ron  Hackett 

LOOSE  IDEA 

In  making  the  breadboard  shield 
from  the  June  PICAXE  column, 
instead  of  using  loose  straight  pins 
with  the  acknowledged  alignment 
headaches,  why  not  just  use  the  male 
headers  Ron  rejected  (Ron  installed 
them  with  the  black  plastic  touching 
the  board}  and  install  them  like  you 
would  the  pins  (wood  block,  etc.) 
with  the  black  plastic  floating  at  the 


end  of  the  pins  off  the  board,  then 
snip  off  the  "black  plastic"  after 
soldering?  The  pins  are  then 
essentially  prealigned;  the  only 
source  of  misalignment  being  the 
"snipping"  process, 

Steve  Bepko 


Response: 

I did  consider  that  approach,  but 
I was  concerned  that  it  might  not 
hold  up  over  time.  On  page  1 7 of 
the  Primer  article  in  the  first  column, 
see  the  paragraph  that  begins  with 
"The  simplest  solution ...”  for  the 
explanation  of  why  I decided  against 
it.  I hope  this  information  is  helpful. 

Ron  Hackett 

MISSED  THE  FUN 

The  Fundamentals  in  the  June 
issue  has  a serious  mis-statement  in 
the  Theory  section:  "opening  the 
normally  dosed  switch  52,  capacitor 
Cl  will  discharge,1'  This  is  not  correct. 
Opening  S2  will  have  the  same  effect 
as  closing  S I — it  will  charge  C l and 
apply  a positive  voltage  to  the  gate  of 
the  SCR. 

Also,  with  SI  open  and  S2 
closed,  there  is  no  way  that  Cl  can 
have  a charge  on  it. 

Larry  Cicchinelli  K3PTO 

Response: 

Larry  is  correct.  Opening  52  will 
charge  Cl  through  D7,  applying 
voltage  to  the  gate  of  the  SCR. 

Bryan  Bergeron 

DRIVES  POINT  HOME 

Bryan  Bergeron's  April  '1 1 
column  is  spot-on,  with  excellent 
examples,  I think  the  take-away  can 
be  boiled  down  to  the  presenter's 
rule  (whether  the  presenter  is  making 
a presentation  to  an  audience  or 
providing  a product):  Who  is  the 
audience?  Fellow  Arduino  hackers 
would  never  reverse  a 9V  battery  ... 
but  an  eight  year  old? 

As  more  and  more  complex  D1Y 
projects  become  "productized,"  we 
must  heed  this  basic  rule  in 
everything  we  build. 

Thanks  for  a great  column. 

Mike  Peterson 
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READER-TO-READER 

ECHFORUM 


»>  QUESTIONS 


Nine  Sec  Video 

t want  to  extract  nine  seconds' 
worth  of  video  from  a disc,  put  it  into 
a digital  device  and  display  it  on  a 
video  screen.  This  will  all  be  mounted 
on  an  award  plaque,  How  can  ! do  it 
very  reasonably? 

#71  I E Rich  Monday 

Rincon,  PR 


Hacking  A Driveway  Alert  System 

t want  to  extend  the  range  of  a 
Bunker  Hill  driveway  alert  system 
(wireless)  model  93068  (Harbor 
Freight)  to  a 1,000  feet,  and  install  a 
relay  (or  other  device)  to  turn  on  some 
flood  lights  (up  to  1,500  watts)  for  day 
or  night  use.  These  units  appear  to  be 
6 and  9 VDC.  I would  like  to  extend 
the  time  to  four  to  six  hours.  The  exist- 
ing time  is  about  five  seconds. 

I also  have  a series  7120 
motion  sensor  (Hampton  Products 
International  Corp.)  from  Foothill 
Ranch,  CA,  1 would  like  to  extend  the 
on  time  to  about  4-6  hours  for  day  or 
night  use;  to  turn  on  up  to  1,500  watts 
of  power.  The  existing  time  is  only 
about  10  minutes.  Both  units  could  be 
reset  manually  if  need  be.  As  always, 
cost  is  the  crucial  factor. 

#7112  PK 

San  Antonio, TX 


Resistance  Amplifier 

[ was  wondering  if  someone 
knows  how  to  design  a circuit  to  meas- 
ure resistance.  I would  like  to  jumper 
select  the  input  range,  run  it  through  a 
zero  and  span  circuit,  and  output  a 
0-1 0 VDC  signal  inversly  proportional 


All  questions  AND  answers  are  submitted 
by  Nuts  & Volts  readers  and  are  intended 
to  promote  the  exchange  of  ideas  and 
provide  assistance  for  solving  technical 
problems.  Questions  are  subject  to 
editing  and  will  be  published  on  a 
space  available  basis  if  deemed  suitable 
by  the  publisher.  Answers  are  submitted 
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to  the  selected  resistance  range. 

As  the  resistance  goes  down  to 
the  bottom  of  the  range,  the  output 
would  increase  to  the  maximum  (10 
volts).  As  the  resistance  increases  to 
the  maximum  of  the  range,  the  voltage 
on  the  output  would  go  down  to  zero. 
As  with  all  analog  designs,  linearity  is 
important.  I have  seen  circuit  hoards 
that  do  this.  They  have  two  eight-pin 
chips  on  them,  two  trimmers,  and  a 
small  assortment  of  mi  sc.  parts.  Simple 
is  good. 

Producing  a suitable  power  sup- 
ply for  this  circuit  is  the  easy  part,  so  1 
can  come  up  with  that  on  my  own. 

#7113  Brian  Prigge 

St.  Cloud,  MN 


Energy  For  Future 

Is  nuclear  energy  the  only 
available  source  for  our  future?  Is 
there  another  source  except  solar? 

#7114  RohitShinde 

Kolhapur,  Maharashtra 

Circuit  Design 

! am  looking  for  a simple  circuit 
that  would  allow  two  CC  cameras  to 
be  displayed  on  one  monitor  with  a 
split  screen.  Cameras  have  composite 
outputs  and  the  monitor  has  compos- 
ite inputs.  The  circuit  needs  to  be 
simple,  produce  a half  and  half  split 
screen,  and  have  just  an  on/off  switch 
with  no  other  controls. 

#7115  Dennis  Brotman 

Pasadena,  CA 

Utility  Meter  Receiver 

I need  a receiver  that  can  read  the 
utility  meters  currently  being  used. 

! should  feature  an  RS-232  control 

by  readers  and  NO  GUARANTEES 
WHATSOEVER  are  made  by  the  publisher. 
The  implementation  of  any  answer  printed 
in  this  column  may  require  varying  degrees 
of  technical  experience  and  should  only  be 
attempted  by  qualified  individuals. 

Always  use  common  sense  and  good 
judgment! 


so  it  could  easily  be  used  in  connec- 
tion with  a micro  data  logger  or  a 
PC/MAC  using  a USB/RS-232  adapter. 

Being  able  to  see  electricity 
and/or  water  usage  on  a daily 
basis  would  let  people  know  which 
activities  are  causing  high  utility  bills. 
#7116  Larry  Dvorsky 

via  email 

»>  ANSWERS 

[#5113  - May  2011] 

Timing  Circuit  Needed 

/ need  a resistor-capacitor 
transistor  timing  circuit  that  is 
powered  by  6 VDC,  started  with  a 
momentary  contact  switch,  and  wili 
pass  a 4 to  5 VDC,  less  than  0.  M 
current  for  30  seconds , 

Look  at  page  70,  May  'll, 
Fundamentals.  Use  the  555  in 
MO  NO  STABLE  mode.  The  connec- 
tions change  as  follows;  Move  pin  6 to 
connect  with  pin  7.  Use  one  resistor 
from  the  positive  to  pins  6 and  7.  The 
capacitor  connects  from  pins  6 and  7 
to  ground  or  negative.  Pin  2 is  used  for 
the  input.  When  using  a contact  trig- 
ger, you  need  to  add  a resistor  (10K 
works)  from  pin  2 to  positive  to 
prevent  false  triggering.  A low  input 
pulse  triggers  a high  output  pulse.  The 
output  stays  high  for  a duration  using 
the  formula  1.1  RC  - time;  1.1  * 
1,000,000  ohms  * .000010  farad  (10 
mfd)  = 1 1 seconds.  A three  meg 
resistor  calculates  to  33  seconds. 

Dennis  Hewett 
via  email 

[#5116  - May  2011] 

Circuit  Design  - Audio  Oscillator 

Can  someone  provide  me  with 
an  audio  osc/7/afor  design  in  the 
frequency  range  of  1,500-3,500  Hz 
that  has  the  ability  to: 

* Vary  the  frequency  through  the 
range, 

■ Adjust  the  output  amplitude . 

* Change  the  phase  of  the  output. 

1 am  trying  to  use  this  device  to 


>>>YOU R ELECTRONICS  QUESTIONS  ANSWERED  HERE  BY  N&V  READERS 


Send  all  questions  and  answers  by  email  toforum@nutsvolts.com 
Check  at  www.nutsvotts.com  for  tips  and  info  on  submitting  to  the  forum. 


reduce  tinnitus  (ringing  in  ears)  by 
cancelling  it  with  an  out-of-phase 
audio  signal. 

#1  Your  proposal  is  a round-about 
attempt  to  correct  the  effect  of  an 
annoyance  rather  than  correcting  the 
cause.  Fifty  years  ago,  I had  a serious 
attack  of  tinnitus,  i went  to  see  an  ORL 
suggested  by  a co-worker  who  had 
had  the  same  problem.  The  treatment 
consisted  of  one  week  of  a massive 
intake  of  vitamins.  Unfortunately,  I 
forget  what  it  consisted  of.  At!  I recall 
is  that  [ purchased  quite  a number  of 
over-the-counter  vitamins.  I have  never 
been  bothered  since,  i strongly 
suggest  that  you  visit  an  ORL. 

F,A,  Leclaire, 
Monbtrel,  QC 

#2  I think  you  are  unlikely  to 
experience  an  improvement  in  tinnitus 
symptoms  via  this  technique.  An 
out-of-phase  cancellation  will  work 
only  if  there  is  an  actual  incoming 
signal  to  cancel,  but  by  definition, 
tinnitus  is  a spurious  electrical  signal 
transmitted  from  your  ear  to  your 
brain  caused  by  damaged  or  bent 
hairs  in  the  inner  ear  corresponding  to 
a particular  frequency  — there  is  no 
actual  "input"  signal  to  cancel. 

An  online  article  from  the  Mayo 
clinic  discussing  treatments  for  tinnitus 
(www.mayoclink.com/heaith/tinni 
tus/DS00365/DSECTION=treat 
ments-and-drugs)  mentions  white 
noise  machines,  hearing  aids,  masking 
devices  (basically  an  in-ear  white  noise 
machine),  and  tinnitus  retraining 
devices  — all  of  which  focus  on  mask- 
ing your  perception  of  the  frequencies 
via  psychological  perception  masking 
techniques  rather  than  a physical  elim- 
ination of  the  problem.  The  problem 
lies  in  a faulty  sensor  (the  hairs  in  your 
inner  ear)  rather  than  an  actual  sensor 
"input"  that  can  be  modified  via  phase 
cancellation.  I would,  of  course, 
strongly  suggest  consulting  your 


doctor  and  an  auditory  specialist  if 
you  haven't  already. 

Andy 
Redmond,  WA 

[#5117  - May  2011] 

Need  To  Transmit 
From  Laptop  To  FM 

I use  my  laptop  to  play  MP3s 
through  my  stereo , I have  plenty  of 
cigarette  lighter  type  FM  MP3  transmit- 
ters. Unfortunately ; they  all  run  on  12 
VDC.  I need  either  a similar  style 
(cheap)  FM  transmitter  that  will  run  off 
a laptop’s  5 VDC  USB  port  or  a way  to 
convert  the  USB’s  5 VDC  to  12  VDC 

#1  What  you  want  is  the  Belkin 
TuneCast  II  FM  Transmitter  (model  # 
F8V3080-APL)  which,  in  my  case,  I 
think  I bought  from  Fry's  Electronics, 
and  which  I remember  coming 
with  three  power  cables:  one  for  12V 
auto,  one  for  USB,  and  I forget  what 
the  other  one  was  (in  addition  to 
being  able  to  be  powered  by  two  A A 
batteries).  If  you  don’t  live  near  a Fry's 
Electronics,  try  Best  Buy  or  a Google 
search,  but  I'd  recommend  going  to 
the  store  to  verify  it  has  the  power 
cables  you  need,  as  there  is  a newer 
version  that  looks  much  different 
(mine  is  the  white  one,  and  in  the 
worst  case,  you  could  use  the  A A 
battery  option). 

Rusty  Carruth 
Tempe,AZ 

#2  There  are  several  battery  operat- 
ed wireless  FM  transmitters  available 
that  would  allow  you  to  transmit  your 
laptop  audio  to  an  FM  receiver.  They 
are  available  from  Amazon.com. 

Following  are  the  links  with  the 
information  on  each: 

www.am azon.com/So  u ndf  ly-Playe  r- 

Transmitter-Stick  pi  ayers/dp/ 

BOOT  8P7WZ2/ref-pd„sim_sbs_e_3 

www.amazon.com/Sonic-lmpact- 


Wireless-Music-Adapter/dp/ 
B0001 7WXVG/ref=pd_si  m_sbs_e„1 

www.amazon.com/irock-Beamit- 

Wireless-Music-Adapter/dp/ 

BOOOODK6N 

They  all  use  two  AAA  batteries, 
so  you  could  use  either  rechargeables 
or  the  Eveready  Platinum  series 
disposables. 

Ralph  J.  Kurtz 
Old  Forge,  PA 

#3  You  need  a DC  to  DC  5 V to 
1 2V  up  converter.  There  are  several 
relatively  inexpensive  integrated 
circuits  available  to  provide  just  this 
function,  such  as  the  LT1111  and 
MAX606,  among  others. 

You  can  find  sample  circuits 
within  their  respective  datasheets 
(available  on  the  Web). 

B.  H.  Suits 
Houghton,  Ml 

[#6112  - June  2011] 

Precision  60  Hz  Reference 

I'm  looking  for  a simple,  highly 
stable  60  Hz  reference  AC  signal  AC 
power  lines  are  accurate  over  long 
timeframes/  but  can  fluctuate  short 
term.  I've  seen  suggestions  of  taking  a 
color  burst  crystal  and  dividing  down , 
but  filtering  is  necessary  to  reach  an  AC 
waveform . Hope  someone  has  an  ele- 
gant solution. 

I would  suggest  using  an  Exar 
XR-2206CP-F  function  generator  1C; 
www.jameco.com  lists  this  1C  for 
$5.49  as  part  #34972.  The  datasheet 
can  be  downloaded  from  their  web- 
site in  pdf  form.  Figure  12  on  the 
datasheet  shows  all  the  connections 
needed  to  make  the  chip  work. 
Temperature  stability  is  given  as  20 
ppm/deg  C typ. 

Output  can  be  boosted  by  using 
an  op-amp  if  needed. 

Dale  Freye 
Grand  Haven,  Ml 
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[#6113  - June 
2011] 

Voice  Mail  Alert 

/ need  a circuit 
to  connect  to 
my  telephone  wiring 
so  the  ring  signal 
will  cause  an  LED  to 
light  up  and  stay  lit 
until  it  is  manually 
turned  off.  The 
system  is  VOiP  via 
modem  and  ATA. 


#1  Figure  1 shows  a circuit  for  a 
ring  detector. 

Geoff  Probert 
via  email 

#2  About  a year  ago,  i built  a circuit 
(Figure  2)  that  will  turn  on  an  LED 
(D4)  when  a phone  line  rings,  and 
the  LED  will  remain  on  until 
someone  pushes  the  normally-dosed 
pushbutton.  The  two  2N3409 
transistors  create  a silicon-controlled 
rectifier  (SCR). 

The  4N33  optical  coupler 
isolates  the  latching-SCR  circuit  from 
the  phone  line.  D5  is  a Littlefuse 
metal-oxide  varistor;  part  #V20E300P 
or  equivalent.  I used  batteries  as  a 
power  source,  but  a wall  wart  would 
also  do  the  job.  LED  D3  serves  as  a 
"ringing"  indicator. 

Jon  Titus,  KZIG 
Herriman,  UT 

[#6116  - June  2011] 

Points  Ignition  To  Solid-State 

Can  someone  help  with  a 
crossover  design  or  existing  schematic 
to  turn  my  1989  points  ignition  to  a 

SO  NUTS  I VOLTS  July  2011 


solid-state  design ? Four  cylinder  — 
OMCorEord23  140. 

What  you  want  is  a well 
heatslnked,  heavy  duty  power  FET 
with  a high  current,  back  EMF  damper 
diode,  driven  by  a Hall  effect  sensor, 
triggered  by  magnets  attached  to  the 
cam  of  your  distributor. 

I've  been  down  that  road.  When  1 
decided  to  upgrade  the  ignition  on  my 
beloved  76  MGB  "Booker  T,/  1 tried 
a few  things  including  driving  a 
transistor  off  the  points,  etc. 

The  unquestioned,  best  solution 
turned  out  to  be  a product  by 
Pertronix  (www.pertronix.com).  It 
fixed  everything  about  my  ignition.  It 
amounts  to  a chunk  of  plastic  about 
the  size  of  the  last  joint  of  your  pin  key, 
attached  to  a plate  that  screws  into  the 
place  your  breaker  points  were.  Hook 
up  two  wires,  slip  the  supplied  plastic 
magnet  "knob"  over  the  distributor 
cam,  and  you're  done! 

One  of  the  great  things  is,  in  the 
(unlikely)  event  the  unit  ever  fails,  you 
can  — with  no  more  than  a screwdriver 
— put  the  old  points  and  condenser 


back  and  limp  home.  The  setup  I 
ended  up  with  didn't  require  a ballast 
resistor.  Voltmeter  checks  indicated 
there  is  one  "somewhere."  I ended  up 
using  the  "hot1’  wire  from  the  ignition 
switch  to  drive  a standard  30  amp 
automotive  (black  cube)  relay  that 
closes  a new  (fused)  circuit  from 
the  battery  directly  to  the  Pertronix 
module. 

I don't  work  for  Pertronix  but 
would  gladly  take  their  money  if  they 
wanted  me  lo.  I would  also  suggest 
you  look  at  their  "flamethrower"  coil.  It 
made  a noti cable  difference  over  the 
Lucas  coil  in  the  MG. 

I bought  the  chrome  one  knowing 
— as  every  hillbilly  hotrodder  does  — 
every  piece  of  crome  under  the  hood 
adds  horsepower. 

Larry  D.  "The  Wiz" 
via  email 

If  you  have  a question  you’d  like 
our  readers  to  address,  email  it 

to  forum@nutsvolts.com  or 
use  the  convenient  online  form 

at  www.nutsvolts.com 


Continued  from  page  28 

optimal  analysis.  This  is  an  advantage 
particularly  when  viewing  up  to  36 
channels  using  the  mixed  signal 
option  when  operating  in  the 
frequency  domain  using  the 
spectrum  analysis  package,  or  when 
viewing  decoded  waveforms  using 
the  vast  selection  of  tools  focused  on 
the  embedded  and  communications 
markets. 

The  comprehensive  toolset 
includes  a wide  range  of  application 
packages,  advanced  triggering  to 
isolate  events,  a user  interface 
developed  for  quick  and  easy 
navigation,  a wide  range  of  probing 
options,  and  lightning-fast 
performance  to  validate  designs, 
debug  errors  at  board  bring  up,  and 
characterize  an  embedded  system. 

For  more  information,  contact: 

LeCroy 

Web:  www.lecroy.com 


ACCESSORY 
DEVELOPMENT 
KITS  FOR 


ANDROID 


Microchip 
Technology, 
Inc,  has  announced 
its  Accessory 
Development  Starter 
Kits  for  Android™ 
which  enable 


accessory 
development  for 
Google's  Android 
platform.  Specifically,  Android 
versions  2,3,4  and  3.1  and  later 
include  a new  framework  that  allows 
apps  to  communicate  directly  with  an 
accessory  connected  to  a 
smartphone  or  tablet  via  USB.  The 
kits  consist  of  a development  board 
and  a software  library  for  fast 
development  of  Android  smartphone 


and  tablet  accessories  based  on 
Microchip's  16-bit  and  32-bit  PIC® 
microcontrollers.  In  addition  to 
providing  the  schematics  and  Gerber 
files  for  the  development  boards,  the 
free  software  library  includes  a 
sample  application  protocol  and  an 
abstraction  layer  which  enables 
designers  to  focus  on  creating  the 
application.  The  development  boards 
feature  a USB  connector,  an  onboard 
debugger,  a programming  user 
interface,  and  standard  Arduino 
connectors  for  use  with  a host  of 
third-party  "Shield"  expansion 
daughter  cards.  Price  for  the  kit  is 
$79.99. 

ror  mor©  inTormstion^  contsct* 

Microchip 
Technology,  Inc. 

Tel:  888-624-7435 
Web:  www.microchip.com/ 
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Blackjack  SolderWerks 
Inteligent  Preheating  System 
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Note:  Hot  Air  gun  shown  but  not  included. 

The  BK7000  & BK7050  from  ‘Blackjack  SolderWerks 
use  a highly  efficient  quartz  infrared  heater  system 
that  provide  fast  heat  up  and  utilizes  a feedback 
control  circuit  to  optimize  the  PCB  pre  heat  operation. 

They  are  designed  to  aid  the  reworking  operation 
for  large  and  multilayer  PCBs  (such  as  game  consoles 
and  motherboards)  that  use  either  traditional  or 
lead  free  solder. 

Both  systems  have  three  modes  of  operation. 

Type  0:  for  single  temperature  heating  using  an 

internal  temperature  sensor. 

Type  1 : for  more  precise  temperature  control 

using  the  supplied  external  temperature 
probes. 

Type  2:  for  a fully  automated  time  and  temperature 
based  profile  mode. 

Once  again  Circuit  Specialists  brings  you  a 
quality  product  at  a great  price! 

Item# 

BK7000 

250mm  x 200mm  (9.8"x7.8,!)  Pre-Heat  area 

www.  Circu  itSpeci  alists.com/BK7000 


Item# 

BK7050 


300mm  x 300mm  (11.8”x1t8")  Pre-Heat  Area 

www.  Circu  itSpeci  a I i sts . com/B  K70 50 
‘Blackjack  SolderWerks  is  a Circuit  Specialists,  Inc.  brand. 


Multifunction  Digital  Multimeter 

Auto  Zero,  Auto  Polarity  & Auto  Power  Off 


CSI2CH0  is  an  easy  to  operate  .accurate  , rugged,  battery 
operated,  handheld  Z'A  digit  DMM  for  measuring  DC  and 
AC  voltage,  DC  and  AC  current,  Resistance  and  Diode, 
Capacitor,  Transistor  (MFE),  Continuity,  etc..  CSI-201G  is 
an  ideal  instrument  for  use  in  the  field,  lab,  workshop  or 
educational  environment 


Item# 

CSI2G10 

www,  CircuitSpecialists.com/CSI201 0 


Spotlight  On:  Power  Supplies 


Circuit  Specialists  carries  a wide  range  of  power  supplies. 

We  stock  a large  variety  of  power  supplies  from  PowerSupplyl,  HengFu,  TwinFly, 
Sparkle  Power  and  our  own  Circuit  Specialists  CSt  brand.. Included  in  our  lineup  are 
Single,  Dual  A Triple  output  enclose^  power  supplies.  Single,  Dual  & Triple  Output 
Bench  Power  Supplies,  Variacs,  and  Computer  Power  Supplies. 
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See  them  @ www.CircuitSpecialists.com/power-supplies 


60  Watt  Digital  Soldering  Station 


1 


NEW 


For  use  with  traditional  or  Lead  Free  Soldering 

This  is  a terrific  soldering  station  featuring  a 
microprocessor  controlled  temperature  set  up 
system  with  great  versatility.  The  unit  includes  3 
preset  temperature  settings  that  are  user  defin- 
able so  you  can  turn  on  the  system  & push  one 
button  to  go  to  the  temperature  range  you  desire. 
Specific  system  temps  can  also  be  set  with  an 
easy  to  use  push  button  up/down  button  AND 
when  you  turn  off  this  station,  the  unit  keeps  the 
last  used  temperature  in  memory  & automaticly 
returns  to  that  setting  the  next  time  the  user  turns 
the  system  on.  The  temperature  display  can  be 
set  to  display  in  Celsius  or  Fahrenheit  scale. 


The  CSI-Slation-3DLF  is  a powerful  60  watt  sol- 
dering system.  The  fast  heat  recovery  provided  by 
a 60  watt  system  like  this  allows  the  user  to  sol- 
der both  traditional  solder  and  lead  free  solder, 
This  system  features  a grounded  tip  to  protect 
delicate  circuits  from  static  charge.  Also  included 
is  a separate  iron  holder.  Circuit  Specialists  stocks 
a large  supply  of  tips  for  this  station. 


kuMi  mm 


Features: 

* 60  watt  dual  core  ceramic  heater 

* 150  to  450  degree  Celsius  Temperature  range 
4 Versatile  easy  to  read  liquid  crystal  display 

4 3 preset  & user  definable  temperature  settings. 

4 Automaticly  remembers  previous  temperature  setting 
4 Display  in  Celsius  or  Fahrenheit  scale 

* 3 foot  cord  length  from  station  to  iron  tip 

4 Broad  selection  of  replacement  tips  available 


Item# 

CSI-Statiort-3DLF 


4 9JJD 


www.  Ci  rcuitSpecial ists  com/CS  I - Station  -3  D LF 

Circuit  Specialists  carries  a wide  selection  of  traditional  £ lead- free  sol- 
dering equipment,  including  soldering  irons,  soldering  stations,  hot-air 
rework  stations,  focused  infrared  systems,  reflow  ovens,  pre-healing 
systems,  regular  and  fead-free  solder,  solder  flux,  and  soldering  aids  for 
both  thru-hole  and  surface-mount  soldering. 

See  our  complete  line  of  soldering  equipment  at: 

www.  Ci  rcuitSpecialists . com/solderi  n g -equipmen  l 
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BlinkM  (#32325;  $12.95)  is  an 
ultra  bright  wide-angle  RGB  LED 
attached  to  a microcontroller 
with  onboard  memory  and 
software  that  makes  creating 
both  random  colors  and 
smooth  color  patterns  very 
easy.  Great  alone  or  in  groups. 
FreeM  (#32327;  $21.95)  is  a 
wireless  controller  for  BlinkMs 
and  LinkNl  (#32326;  $29.95) 
is  a USB  adapter  that  allows 
simultaneous  programming  of 
groups  of  BlinkM  light  modules. 
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Logie  Analyzer  (#32314; 
$149.99)  Navigate  your 
data  easily  and  intuitively 
with  Logic's  fluid  and  fully 
animated  mouse-driven 
interface. 


FM  Radio  Receiver  Module 

(#27984;  $14.99)  Provides  an  easy 
way  for  your  microcontroller  to  receive  local  FM 
radio  stations.  Using  the  onboard  antenna  and 
headphone  jack,  you  can  easily  create  your  own 

portable  radio! 


FiashFly  Wireless  Programming  Kit 

(#28183;  $47.95)  Program  your  BASIC 
Stamp  wirelessly  via  XBee  with  this  cool 
kit.  Soldering  required. 

Interface  the  FiashFly 

system  to  a serial  board 

via  the  BlueWolf  / 

RS232  Adapter  ■ 

Board  (below,  ‘SJ 

#28182;  $12.95). 


WIZ812MJ  Ethernet  SPI/Bus  Module 

(#605-05110;  $24.95)  a network 
module  which  can  easily  interface 
W5100  and  Transformer.  An 
^ ideal  option  for  users 

who  want  to 
WMr  develop  their 

Internet  enabling 
systems  rapidly. 


Order  new  stuff  by  clicking  “New  Products"  on  the 
home  page  of  www.parallax.com  or  call  toll-free  at 
888-512' 1024  (M-FP  7AM-5PM,  PDT). 


www.parallax.com 


Prices  subject  to  change  without  notice. 

Propeller,  Parallax  and  the  Parallax  logo  are  trademarks  of  Parallax  Inc. 


' Paralloxinc"  on  Twitter,  Facebook,  and  YouTube 
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